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FOREWORD 


This digital simulation study is a continuation of Contract NAS2-7395 and 
the previous study report (NASA CR- 114739) and was performed under the auspices 
of the NASA Ames Research Center. The first study concentrated on accurately 
modeling the communications equipment of relay link and the atmospheric scintil- 
lation characteristics of an outer planet. This study optimizes the modulation/ 
demodulation link of the previous study and investigates the impact of various 
scintillation models. For completeness, this report summarizes the results of 
the previous report. Both the mean error rate and the acquisition properties 
of the link are explored. The design of simulated equipment was formulated by 
the TRW Systems Group under subcontract to McDonnell Douglas Astronautics 
Company-East. Under both studies magnetic tapes of bit error histories were 
delivered to the Ames Research Center for evaluation of candidate convolutional 

code structures. 

The author expresses his appreciation for the assistance provided by 
Mr. T. Grant of ARC who performed the decoding analysis and provided the pre- 
liminary decoding results for this report. 
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DIGITAL SIMULATION OF A COMMUNICATION LINK 
FOR PIONEER SATURN URANUS ATMOSPHERIC ENTRY PROBE 

SUMMARY 

A digital simulation study is presented for a candidate modulator/ 
demodulator design in an atmospheric scintillation environment with Doppler, 
Doppler rate and signal attenuation typical of the conditions of an outer 
planet atmospheric probe. The simulation results indicate that the mean 
channel error rate with and without scintillation are similar to theoretical 
characterizations of the link. In addition the simulation gives information 
for calculating other channel statistics and generates a quantized symbol stream 
on magnetic tape from which error correction decoding can be analyzed. Some 
results from the magnetic tape data analyses are also contained herein. 

The receiver and bit synchronizer are modeled in the simulation at the 
level of hardware component parameters rather than at the loop equation level 
and individual hardware parameters are identified. The atmospheric scintilla- 
tion amplitude and phase are modeled independently. Both normal and log normal 
amplitude processes are studied. In each case the scintillations are low pass 
filtered. 

The receiver performance is given for a range of signal to noise ratios 
with and without the effects of scintillation. The performance is also 
reviewed for critical receiver parameter variations. 

Part I of this report is the body of the study and is bound. Part II of 
this report contains the appendices and is unbound. 



APPENDIX I 

COMPLEX AMPLITUDE NOTATION 

Complex amplitude notation is a convenient way to normalize the notation 
to a reference frequency. The signal waveform is thus 

x(t) = Re 1 { x(t) exp (j w Q t)}, 

where the reference frequency is w , and the complex amplitude is 

x(t) = A exp (je) = A cose + j A sin e. 

Herein, A is the signal amplitude, and e the signal phase. The conventional 
notation is apparent by combining, 

x(t) = Re { A exp (je) exp (j w Q t) } 

= A cos (w Q t + e). 

When multiplying in complex amplitudes 

z(t) « x(t) y (t ) 

or z(t) = Re { x(t) exp(j\w Q t)} Re { y (t) exp (j w Q t) }. 

Using the identity 

Re {x (t)} Re {y(t)> = ^Pe {x(t) y(t) + x(t) y*(t)J, 
the star denoting the complex conjugate, we have 

z(t) = ~Re {3(t) y (t ) exp (j (w q +w 1 )t) 

+ x(t) y*{t) exp (j (w 0 -w-[)t)}. 

Normally one beats down, so the complex amplitude of the difference frequency 
term is |-3c(t) y*(t). 

When filtering x(t) with h(t) to yield y(t), one normally expresses this as 

y(t) = 1“ x(t) h(t-x)d . 

In complex amplitude notation 

jK*) = 12 Re{x(t) exp (j w q t)} Re {fi(t-x) exp (j w^t-t))} dt 
= |-Re{/^x(T) ft(t-T) exp(j(w 0 ~w^ )x)exp (j Wjt) dx } 

+ 2 -Re{/^x(x) ft*(t-x) exp (j(w 0 +w-,) T ) exp(-j w-|t)dx }. 
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Normally, x(t) and h(t ) are referenced to the same frequency, so that 
y(t) = ~ Re {exp (jwt) /“ x(x) fr(t-x) d x> 

+ ^ Re {exp(-jwt) x(x) fr*(t-x) exp (2jwt) d x}. 

When the bandwidths of the signal and the filter are narrow compared to the 
center frequency, one may neglect the second term, so 

y{ t) « -/ Z ) d T • 

Finally, when the carrier is zero, to represent baseband signals, 

y(t) = f_Z 2(t) ftt-x) dx. 

Figure 1-1 illustrates the usage of complex amplitudes in the simulation. 
The input has the signal amplitude M Q and phase e-| plus noise e n . This 
represents the radio frequency, and is beat down by the first mixer to inter- 
mediate frequency by straightforward multiplication. After filtering, the 
extraneous phase is represented by 41 , with representing the filtered 
amplitude. The real part of the signal from the phase detector is just the 
amplitude times the sine of the phase. Similarly the real part of the signal 
from the coherent amplitude detector is just the negative of the amplitude 
times the cosine of the phase. 
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APPENDIX II 

SCINTILLATION FILTERING 


ABSTRACT: A tapped delay line filter is presented to represent atmospheric 

scintillation effects. Data is given to show the aliasing effects 
of the truncation. 


1. Introduction - It is well known that atmospheric turbulence, herein defined 
as variations in the complex dielectric constant, can cause variation in the 
amplitude and phase of a received electromagnetic wave. From Tatarski in 

Ref (A2-1), the power spectral densities of the amplitude and the phase is 
proportional to the -8/3 power of the frequency above cutoff. This assumes the 
Kolmogorov form of the turbulent flow. The nature of the fluctuations is dif- 
ferent however for amplitude and phase; amplitude fluctuations being dominated 
by the microscale of the turbulence, and phase fluctuations being dominated by 
the macroscale of the turbulence. 

According to Ames Research Center RFP, the atmospheric effects 
can be adequately modeled by assuming the amplitude effects of the form 

A(t) = A (1 + x (t)) 
o 

where x(t) is a Gaussian process of zero mean and a root variance of 0.23, 
low pass filtered with a cutoff of 2.0 Hertz and a f“4/3 roll off (note 
herein the signal is a voltage term) . Similarly, the phase effects could be 
modeled as 

0(t) « 0 + 0- 1 + 0 o t^ + s(t) 

o X Z 

where s(t) is a Gaussian process of zero mean and a root variance of 0.47, low 
pass filtered with a cutoff of 0.2 Hertz and a ~4/3 roll off. 

This note presents the digital form these filters will take. 

2. Filter Form - In electrical engineering terms the transfer function of 
the filter is 

F(s) = (a/(s+a)) 4/3 , 

where a is the cutoff frequency in radians, and s is joj. 

By simple algebra, the comer is then 

1/2 

w/a = (2 J/ * - 1) » .8257074727, 

or for amplitude & x = 15.21891351 
and for phase = 1.521891351 . 
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The Laplace transform of the Impulse response from Ref (A2-2), is 

h(t) « [a 4/3 /r(4/3)]t 1/3 exp(~at), 

and T(4/3) = .892979511 . 

For t of zero or Infinity of course 

h(t) | » 0 
t = 0 
t a ® 

The function has a maxima at 

dh(t)/dt j « 0 

.£ = 1 
3a 

The impulse response is shown in Figure II-l. 

3. Z Transform - The quickest computational form of a filter is generally the 
Z transform (Kef (A2-3)). This is just the Laplace transform with the substitution 

z = exp(sT) 

Utilizing the simplest interpolator, zero order hold, the discrete transform is 

(1 - z" 1 ) Z (i PCs)), 
s 

Since for the case in question 

^((a/(s+a)) 4/3 ) = a 4/3 r -1 (4/3) t" 1/3 e" at , 

Chfin - C »* /3 r_1 (4/3) f 1/3 e-“ dt - f (t) 

and by definition 
1 

Z<±F(s)) = E f(n)z 
8 n=0 
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Thus 


Z(-F(s))= Z {a^ 3 r -1 (4/3) / t (nT)" 1/3 e" ailt d(nT) }z^ 
n=0 o 


From Abramowitz and Stegun, Ref (A2-2), the above incomplete gamma function 
can be written as a Chi-Squared function, or 

00 

Z(qF(s)) = Z {P(2ant|f)}z" n , 

S n=0 3 

Then the complete transform is 

00 

(l-z _1 ) Z (Jp(s))= (l-z -1 ){ Z P(2anT||)z" 11 } 

S n=0 J 


= P(oj|)z ^ + P(2aT| j)z ^ + P(4aT|-^)z 2 +. . . 

- P(2aT||)z~ 2 - P(4aT||)z“ 3 -. . . 
= Q + P(2aT[|)z _1 + {P(4aT||) - P(2aT||) }z" 2 
+ (P(6aT||) - P(4aT||)>z -3 
+ . . . 

The output $ for the input X is then 

<J> - P(2aT||)I((n-l)T) + {P(4 sT||) - P(2aT ||) }l((n-2)T) 

+ {P(6aT |) - P(4aT||)>I((n-3)T) 

+ . . . 


Since there appears to be no more concise form, at least to the writer, 
in this case it appears that the Z transform is no better than a conventional 
delay line representation. Also, since the Chi-Squared function is evaluated 
as a series. 


p<x z !o) = r _1 (u/2) 


n 


00 

E 


C-l) n (X 2 /2) 2 
n l + n 


o , 

7T + n 


the conventional delay line representation appears preferable. 


1 1 -3 


4. Delay Line - There are two design parameters which must be set when representing 
a filter as a tapped delay line: the tap spacing, T, and the line length, NT. 

The former describes the "graininess" of the impulse response, and effectively 
defines the highest frequency represented, 

f m “ = Kf t/ Y 

Therein T - v/ a » 

f^ is the corner frequency, and for the 4/3 filter 
K - 3.804728378. 

The latter describes the fold over aliasing, and effectively defines the lowest 
frequency (excluding zero) represented, 

f L - 1/'(NT) 

As a rule of thumb, the maximum tap contribution, Th(t) , should be of the order 
of 0.1, or 

T = (0.1) 3 1/3 r(4/3)/(ae _1 ^ 3 ) 

“ . 179740828/a . 


Similarly, the "length" should sum to 0.95 to 0.99, i.e., for the filter in 
question 

,R a / o x=2aNT 1/3 -r- , 

P(2aNT|f) = a 4/3 T 1 (4/3) / (fj) e ^ ^ 


where 


T = nT = t/(2a) . 


The function is plotted in Figure II-2. From the figure it appears that a length 
2aNT of 8 to 10 should be adequate, or for 10, 

NT = (x 2 = 10) /2a = 5/a . 


Figures II-3 and II-4 illustrate the amplitude and phase response of three delay lines 
T - .1707/a, N => 32; T = .Q9/a, N = 64 and T => .09/a, N = 128. The magnitude of 
the error is shown in Figure II-5. The number of taps shorn are integer powers of two 
for convenience in the fast Fourier transform. The rule of thumb filter, 

T =* .17/a, N = 32 appears quite reasonable to an octave beyond the corner, after 
which the phase response falls off quickly. The second filter, T =* ,09/a, N « 64 
is approximately the same length as the first, but with twice the resolution. 

This filter holds the correct phase response to two octaves beyond the comer. 

The third filter, T = .09/a, N - 128 has the same resolution as the second but 
has twice the length. It shows very little improvement over the second filter. 
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5. Conclusion - A model for turbulence effects on propagation has been reviewed, 
and a digital representation designed. The design is summarized in Figure II-6, 
he magnitude of the amplitude error is less than 1.5% over a decade of frequency 
beyond the comer. 


Reference 
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APPENDIX III 

QUANTIZING STRATEGY FOR INPUTS TO VA DECODERS 


1 A Viterbi Algorithm (VA) decoder can function with either hard or soft 
decisions on the input symbols. Typically, the use of 8 level soft decisions 
on the symbols permits the decoder to operate satisfactorily with ^2dB less 
E );) /N 0 than if hard decisions are employed. The normally used quantizing 

strategy results in quantization level spacings of about 0.5 to 0.7 times the 
standard deviation of the channel noise. This memo explores the derivation of 
a rationale for choosing the spacings based on the mean and variance of the . 
received symbols. The selected spacings are found to vary ^etween 0.58 and 

0. 64 for means between 1. and 2. sigmas. (3 to 9dB E b /N Q ) . These results are 

equally applicable to a sequential decoder. 

2 Theory of VA decoder operation 

The VA decoder is a device which chooses the most likely state sequence 
of the encoded data from the set of possible state sequences. The formal 
statements of this principle are adequately covered in the published- litera- 
ture. The basic operating technique is to associate a path metric with each 
state sequence which allows the decoder to select the maximum likelyhood 
state sequence, based on a set of observations. The path metric^ is formally 
defined as -In Pr{X|Z>, where X is the set of observations, and Z is the state 
sequence. For a memorly less, binary.symetric channel, with Gaussian noise 
statistics, the path metrics can be simply the sum of the observations, weighted 
by the expected observation, given the state sequence for the specific path 
metric In simpler terms, if M(= +1) is the expected symbol at a given point 
in time, then v £(i) = \{1-l)-X 1 M i , where \(i) is the Kth path metric at time 

1. The state sequence with the smallest path metric is the maximum likely- 
hood state sequence. 

Any two state sequences will have a number of expected symbols which have 
the same sense, and a number of expected symbols with the opposite sense. v . . 

If one of these state sequences is the correct state sequence, then j' 1 ' 

will be less than zero unless where the set, i, includes 

only those observations where the state sequences differ in interpretation. 

For the correct path, E{X.M^> = n x * 

Clearly, if X is a normal random variable, then^^i) is also a normal 
random variable, with a mean n A = Nn x , and a* = No x , where N is the number of 

observations contributing to the decision. Then, at any point, ^n e rror is 
committed only if a k j(i)>0, which would occur with probability QOi^/c^) 

qiven N pertinent observations. While this cannot be used to directly P r |^ ct 
the decoder performance, it can be used to predict the degradation in perfor- 
mance when X is not normally distributed. 
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3. Quantization 

When the symbols are quantized prior to decoding, the X's are no longer 
normally distributed, since they take only integer values, and finite range, 
linear quantization results in significant population groups in only a few 
values of X. Consider the quantization strategy shown in Figure III-l. We 
have arbitrarily assigned integer values to Z, the quantized estimate of X. 

If X is a normal random variable with mean n and unit variance, then the 
probability distribution of Z is given by, x 

Pr{Z = -7} = Q( n +3a) 

Pr{Z = -5} = Q(n^+2a)-Q(n x +3a) 

Pr{Z = -3} = Q(n x +a)-Q(n x +2a) 

Pr{Z = +5} = Q(n x -3a)-Q(n x -2a) 

Pr{Z = +7} = 1-Q(n -3a) 

X 

where Q (X) = 1 /“ exp-(t-n ) 2 /2 <j 2 dt and "a" is the quantization level. 

a 72tt x XX 

X 

It is rather awkward to compute the probability that A>0 directly, since 
the probability distribution of a is the result of N convolutions. A more 
useful approach is to use a Chernov bounds. In this case, we derive these 
bounds using the Laplace transform of the probability distribution of Z, pro- 
ceeding as follows: 

♦ 7 (S) = E 8 Pr{Z = 2J-9>e S ^ 2J “ 9 ^ 

L J=1 

Since convolution in normal space is simply a product in transform space, 
the transform of the probability distribution of A is, 

<t A (s) = [* 2 (S)] N 

Let f A (S) = In <f> A {S) 

V A(S) = Nln[ E 8 Pr{Z = 2J-9}e S ^ 2J “ 9 ^] 

J=1 

* A (S) = d¥ A (S) s N E 8 (2J-9)Pr{Z=2J-9}e S ( 2J " 9 ) 


E 8 Pr{Z=2J-9}e S ^ 2J_9 ^ 

J=1 


Now, the Chernov bound can be expressed. 


Pr{A>o} < e 


'FA(S) 



(S)=0 
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Thus, we need to solve for the value of S such that, 

E 8 (2J-9)Pr{Z=2J-9}e S ^ 20 " 9 ^ - 0 
J=1 

This can be solved numerically, and a value for Pr{A>o} found for any N. Note, 
however, that 

* 7 (S) N 

Pr{A>o}<[e L ] 

T z '(S)=0 

Thus, we need only solve for the case N«1 , and find the value of "a" which 
minimized Pr{A>o} L =1 . For the case n x = 2a x » which is one of the conditions of 

interest, the variation of Pr{A>o} with "a" is shown in Figure XII-2. We can clearly 
see that varying “a" over rather broad limits does not change the probability 
value greatly, however, the optimum is clearly in the vicinity of a = ,62a x . 

Figure I I 1-3 illustrates the same information over a wider range of mean to 
standard deviation. 

Now, we note that there is a hazard in using any bound to draw a conclusion 
of this nature, since varying the parameter "a" may result in variations in the 
relative tightness of the bound which could be on the order of the variations 
in the results. Thus, if our conclusions were at significant variance with 
emperical data, it would be necessary to use a more sophisticated approach to 
eliminate the uncertainty resulting from the use of bounds. However, the fact 
that the emperical data is in close agreement with the predicted results, and _ 
that the optimum is rather broad, suggests that the increased sophistication is 

unnecessary. 


* It has been shown that the criteria of minimizing the Chernov bounding value 
of Pr{A>o} leads to a choice of quantization level of ^0.6^, which is halfway 

between the emperically determined values of 0.5 to 0.7a x . 
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AKAGC 

APPENDIX IV 
LIST OF SYMBOLS 
(Input Symbols) 

AGC Gain constant 

AKEG 

AGC offset 

ASOFT 

Soft decision quantization reference 

BIF 

IF Bandwidth 

BL2 

2 B lq (AFC) 

BL2B 

2 B lq (Bit sync) 

DFLF 

Delta frequency 

DYNR 

Dynamic range of AGC below "minimum" signal 

ENODB 

Energy to noise density in decibels 

FBAMP 

Amplitude scintillation corner frequency 

FBPHA 

Phase scintillation corner frequency 

FQDPRT 

Frequency Doppler rate 

FRQDOP 

Frequency Doppler 

ICLLN 

Control variable for scintillation 

NACQT 

Number of acquisitions, each problem 

NRUNS 

Number of bits, each problem 

PMFILT 

Premodulation filter corner frequency 

SDAMP 

Gain of amplitude scintillation 

SDPHA 

Gain of phase scintillation 

SVRHZ 

Sweep slopq in Hertz 

SWNM 

Sweep minimum 

SWMX 

Sweep maximum 

TAU3 

AGC time constant 

TAU5 

Baseband time constant 

TAU6 

Doppler time constant 

TL 

Threshold 


(All Symbols) 


A 

Signal voltage 

AAMP 

Normalized amplitude scintillation 

ACOR 

Scintillation normalization 

ACQ 

Number of true acquisitions 

ACTH1 

A cos (TH1) 

AFAL 

Number of false acquisitions 

ADB 

A dropped bit 

ADOA 

Average number of bits in a dropout 

ADOS 

Standard deviation of number of bits per dropout 

AERR 

Printout form of AERRI 

AERRI 

Errors in a internal of bits 

AGC 

AGC gain furction 

AK 

AFC loop gain 

AKAGC 

AGC gain constant 

AKOU 

KDATA at acquisition 

AKBMIN 

Bit synchronizer AK minimum 

AKEG 

AGC gain offset 

ALCOS 

List cosine 

ALSIN 

List sine 

AMIN 

Minimum A to AFC 

AMISS 

Number of missed acquisitions 

APHA 

Normalized phase scintillations 

APM 

Premodulation filter constant 

ARGU 

Argument 

ASOFT 

Soft decision quantization reference 

ASOFTI 

Soft decision quantization slope 

ASTH1 

Asin (TH1 ) 

AVEES 

Average ES 

AVEEV 

Average EV 

Al, A2 

IF filter constants 

A5 

Baseline connection filter gain 

BIF 

IF Bandwidth 

IV-2 



BL2 

2 B L0 (AFC) 

BL2B 

2 B lq (bit synchronizer) 

BPER 

Bit period 

BPM 

Premodulation filter constant 

BRATE 

Bit rate 

Bl, B2, 

IF filter constants 

B3, B4 


CAMP 

Complex amplitude into BIF 

CBIN1 

Hits in SBINS1 

CBIN2 

Hits in SBINS2 

CBIN3 

Hits in SBINS3 

CBIN4 

Hits in SBINS4 

CB1 

Bit synchronizer Z transform constant 1 

CB2 

Bit synchronizer Z transform constant 2 

CB3 

Bit synchronizer Z transform constant 3 

CFILT 

IF filter output 

CORAMP 

RC Amplitude normalization 

CORPHA 

RC Phase normalization 

CPM 

Premodulation filter constant 

CTH1 

Cos (TH1) 

CTH2 

Cos (TH2) 

COO 

Gaussian polynominal coefficient 

Cl 

AFC filter Z Transform constant 1 

Cll 

Gaussian polynominal coefficient 

C2 

AFC filter Z transform constant 2 

C22 

Gaussian polynominal coefficient 

C3 

AFC filter Z transform constant 3 

C4 

Normalized AFC VCO gain 

C5 

AGC Z transform constant 1 

C5AMP 

RC Amplitude scintillation factor 

C5DP 

Doppler Z transform constant 1 

C5MH 

Baseline Z transform constant 1 

C5PHA 

RC Phase scintillation factor 

C6 

AGC Z transform constant 2 

C6AMP 

RF Amplitude scintillation factor 


C6DP 

Doppler Z transform constant 2 

C6MH 

Baseline Z transform constant 2 

C6PHA 

RC Phase scintillation factor 

DELF 

Delta frequency 

DPM 

Premodulation filter Z transform constant 

DES 

DT*SVR 

DT 

Delta time 

DTH1 

Delta TH1 

DYNR 

Dynamic range of AGC below "minimum" signal 

011,22,33 

Gaussian polynomial coefficients 

E 

Voltage into AFC filter 

EDOP 

Doppler voltage 

EDOPR 

Doppler rate voltage 

EDOPRX 

Doppler plus Doppler rate voltage 

ENO 

Energy to noise density 

ENODB 

ENO in decibels 

ENOM 

Minimum ENO 

ENOMIN 

ENOM in decibels 

EPULL 

AFC pull in range 

ERRDMP 

Error count 

ERRI 

Running count of errors in an interval 

ERRDMP 

Error count 

ERRM 

Error spacing matrix 

ES 

Sweep voltage 

EV 

Voltage from AFC filter 

EVMAX 

Maximum sweep voltage 

EVMIN 

Minimum sweep voltage 

EVO 

Last EV 

EV1 

Voltage after Doppler addition 

EV1C 

Voltage into bit synchronizer 

EV10 

Last EV1 

EV10C 

Last EV1C 

EO 

Last E 

FBAMP 

Amplitude scintillation filter corner 


IV-4 


FBPHA 

Phase scintillation filter corner 

FBTAU3 

Corner frequency of TAU3 

FBTAU5 

Corner frequency of TAU5 

FBTAU6 

Corner frequency of TAU6 

FDIFF 

AFC pull in 

FDIFFB 

Bit synchronizer pull in 

FIDO 

Float (IDO) 

FLO 

Lo detune 

FQDPRT 

Frequency Doppler rate 

FRQDOP 

Frequency Doppler 

FVCOB 

Frequency VCO bit synchronizer 

FI, F2 

Dummy print variables 

GAM43 

Scintillation filter tap spacing target 

GAM43A 

GAM43 for amplitude 

GAM43P 

GAM43 for phase 

G1 

IF amplifier gain 

G1LIM 

Maximum G1 

HDRI 

Truncated ASCII Header 

I 

Dummy index 

IAERRI 

Index of AERRI 

I AMP 

Amplitude scintillation counter 

IAMPC 

Phase scintillation counter 

IBIT 

Phase of bit synchronizer 

I CAMP 

RC amplitude filter counter 

ICCLRC 

Control variable for RC scintillation 

ICDC 

Octal bit counter 

ICLLN 

Control variable for log normal scintillation 

ICPHA 

RC Phase filter counter 

I DATA 

Current bit 

IDATAO 

Last I DATA 

IDATAW 

Last IDATAO 

IDLBIT 

Number of output bits before error count 

IDO 

Number of dropouts 

I DON 

IDO counter 


IDTS 

Dummy line index 

IDUM 

Dummy counter 

I ERRS P 

Error space 

IFILT 

Dummy line index 

I FRAME 

Counter to NFRAME 

I HOLD 

In phase bit synchronizer level 

IHOLD1 

Last I HOLD 

ILOC 

Counter, bits to lock 

ILOCF 

Final ILOC 

INCREC 

Tape record increment 

INCTIM 

Tape time increment 

IPHA 

Phase scintillation counter 

IPHAC 

Amplitude scintillation counter 

IRCD 

Register contents data generator 

IREC 

Record number 

IRECB 

Bit number in record 

IRECO 

Dummy record number 

IRECT 

Total number of records 

I RUN 

Number of tape problems plus 1 

ITAPE 

Counter of words in the record 

ITH1 

Integer of TH1 

ITH2 

Integer of TH2 

ITIM1 

Tape time initial 

ITIM2 

Tape time final 

I WORD I 

Bit packed word of symbol decisions 

IX 

Bin of soft decision 

IXD 

Data bit in the ship register 

IXM 

Last IX 

n, in 

Random generator number 

12, 122 

Random generator number 

15,155 

Random generator number 

16,166 

Random generator number 

J 

Counter for samples per bit 

JJ 

Dummy counter 


IV-6 


J1, J11 

Random generator number 

J2, J22 

Random generator number 

J5, J55 

Random generator number 

J6, J66 

Random generator number 

K 

AFC VCO gain 

KB 

Bit synchronizer VCO gain 

KKK 

Total bits of the measurement 

KDATA 

Counter of I DATA 

KOUNT 

Counter of IMS 

!<] , Kll 

Random generator number 

K2, K22 

Random generator number 

K5, K55 

Random generator number 

K6 , K66 

Random generator number 

h ACQ 

Counter of NACQT trials 

NACQT 

Number of acquisition 

NBIT 

Phase of IBIT to dump in phase integrator 

NBIT2 

Phase of IBIT to dump quadraphase integrator 

NC 

Quadrature noise 

NFRAME 

Bit length to define error history 

NN 

N43-1 

NNOUT 

N0UT/10 

NOUT 

Rounded value of IAERRI 

NRUNS 

Number of bits per run 

NS 

Quadrature noise 

NSPB 

Number of samples per bit 

NO 

Noise density 

N43 

Number of scintillation filter taps 

OMC 

Baseband equivalent of IF in radians 

OMT 

Incremental OMC 

OOTH1 

Filtered TH1 plus YP 

OTH1 

Filtered TH1 

OTH11 

Filtered TH1 back one time 

0TH12 

Filtered TH1 back two times 

PACQ 

Probability of acquisition 


PFAL 

Probability of false acquisition 

PEI 

Probability of error 

PHIB 

Steady state bit synchronizer phase 

PHIDEG 

Steady state AFC phase error 

PHISS 

PHIB in radians 

PHISSB 

PHIDEG in radians 

PI 

Pi 

PI2 

2*Pi 

PMFILT 

Premodulation filter corner 

PRNO 

Noise list 

PRQB 

Probability list 

PROBI 

Incremental probability 

PROBT 

Dummy for probability list 

PMISS 

Probability of missed acquisition 

QERR 

Voltage to bit synchronizer filter 

QERRO 

Last QERR 

QV 

Voltage from bit synchronizer filter 

RCA 

Register contents amplitude 

RCP 

Register contents phase 

REMTX 

Trignometric routine number 

R1 

Random number 

SBINS1 

Probability matrix for -1-1 input 

SBINS2 

Probability matrix for +1-1 input 

SBINS3 

Probability matrix for -1+1 input 

SBINS4 

Probability matrix for +1+1 input 

SB1 

Hard decisions SBINS1 

SB2 

Hard decisions SBINS2 

SB3 

Hard decisions SBINS3 

SB4 

Hard decisions SBINS4 

SDAMP 

Gain of amplitude scintillation 

SDPHA 

Gain of phase scintillation 

SGNRT 

Sign Doppler r?< 

SHFTH 

TH1 mod PI2 

SIG 

Normalized noise 


IV-8 


error 


) 


) 


J 


SKOU 

Standard deviation of acquisition at KDATA 

STDAQ 

Standard deviation of acquisitions 

STDES 

Standard deviation of ES 

STDEV 

Standard deviation of EV 

SPEI 

Standard deviation of PEI 

STH1 

Sin (TH1 ) 

STH2 

Sin (TH2) 

SUYA1 ,2 

RC amplitude filter statistics 

SUYP1 ,2 

RC Phase filter statistics 

S2A,P 

Amplitude, phase gain squared 

S22A,P 

Amplitude, phase gain sum 

SVR 

Sweep slope 

SVRHZ 

SVR in hertz 

SWMN 

Sweep minimum 

SWMX 

Sweep maximum 

S2A 

Amplitude tap gain squared 

S2P 

Phase tap gain squared 

S22A 

Amplitude tap gain sum 

S22P 

Phase tap gain sum 

TAUB1 

Bit synchronizer filter constant 1 

TAUB2 

Bit synchronizer filter constant 2 

TAUPM 

Premodulation filter constant 

TAU 

AFC filter constant 1 

TAU2 

AFC filter constant 2 

TAU3 

AGC filter constant 

TAU4 

Sample filter constant 

TAU5 

Baseline filter constant 

TAU6 

Doppler filter constant 

TGA 

Tap gain amplitude 

TGP 

Tap gain phase 

TH1 

Signal phase 

TH11 

Thl back one time 

THU 

THU back two times 

TH2 

Phase angle from AFC VCO 

TL 

Threshold 


TSYNC 

Period of bit synchronizer VCO 

TSYNC2 

Half TSYNC 

U 

Voltage into AGC filter 

UMH 

Voltage into baseline filter 

V 

Voltage from AGC filter 

VA 

Normalized corner frequency of amplitude scintillation filter 

VD 

Absolute version of V 

VDP 

Voltage from doppler filter 

VMH 

Voltage from baseline filter 

VP 

Normalized corner frequency of phase scintillation filter 

VXQ 

Voltage at XQ 

vxqc 

VXQ corrected 

WN 

AFC loop natural frequency 

WNB 

Bit synchronizer natural frequency 

XI 

In phase integrator voltage 

XIHOLD 

Last XI 

XIO 

Last XI 

XIOO 

Last XIO 

XISIG 

Standard deviation of in-phase integrator voltage 

XISUM 

Mean of in phase integrator voltage magnitude 

XQ 

Quadraphase integrator voltage 

XQCOR 

Voltage XQ corrected 

XQO 

Last XQ 

Y 

Absolute value of YA 

YA 

Scintillation amplitude 

YAPO 

One plus YA 

YAPOA 

YAPO in volts 

YAX 

Normalized RC amplitude 

YAXX 

Unnormalized RC amplitude 

YP 

Scintillation phase 

YPX 

Normalized RC amplitude 

YPXX 

Normalized RC amplitude 

ZETA 

AFC damping factor 

ZETAB 

Bit synchronizer damping factor 


IV-10 


APPENDIX V 
ERROR RATE 


COMPUTER SOFTWARE 


ro 


DO 

<D g 


0 QO OC 3 
OOGOC2 
3 03 GC 3 
3 QOQC 3 
0GQQD3 
OOQGi: 3 
00Q3G3 
ODOQC 3 
000003 
0GG0C3 
000003 
03C3G3 
0 00 30 3 
300003 
000003 
3 0 000 3 
000003 
000003 
300003 
G 00 OG 3 
300003 
OOOQG3 
0 00 OG 3 

00G3C3 

0033C3 


000003 

00Q0C4 

000006 

030012 

000016 

000020 

COOG24 

000026 

000031 

000035 

000043 


000043 
000046 
000051 
000051 
300053 
000054 
000357 
000061 
3 0 G 0 6 3 
000066 
300374 
000102 
JOOUO 
000114 
0C0115 


PROGRAM TNKRt INPUT, OUTPUT, TAP E5=t NPUT,T APt 6=OUTPU T ) 
COMPLEX CAMP (4) , CFILTC4) 

REAL NS,NC«N: ,K,KE 

HSIS55SI8SiSSlt?f!!8?*fISrf8|SK® . SS}5 . ,, 

DIMENSION ALSIN C3G5) , ALCOS (30 0) ,PROBC 100) ,PRNC (1001 
DIMENSION A ERR I (4CB ) , AERR t IG) 

OATA 111,122,155,166/1,2,5*6/ 

DATA Jll, J22, J55, J66/9, 13 , 13, 14/ 

OATA K11.K22* K55,K6G/17 ,16,21,22/ 

DATA NFRiME/252/ 

OATA IRCO/-l,-i,-l,-lt“l* 1/ „ „ _ 

OATA FEAHP, F8 PHA.SO AMP, SOPHA, NO/2 . , . 2, . 23 , . 47 , 1 . / 

OATA G AM43 , N4 3/ *09,64/ , 

DATA EN0DB,RPATE,ENCHIN/a.,8B ? *9*/ 

OATA OELF, NSPB * NRUNS.0I F/ 62. , 44 ,2000. 1500. / 

OATA BL2,PHI0EG,FDIFF/17&. ,10 .,342* 433/ 

OATA 0L2B,PHIH,FDIFFB/1 • « 1 J 5./ 

OATA TAU3,ASOFT/.lp7957, *17/ 

DATA TAU5,TAU6,A5/. 01808, .1Q603,*5/ ■ , 

DATA FCDPRT ,T L, IDLB IT,0 YMR/lQ * 8,-6. 5, ICO* 3. / 

OATA C0G,Cli*C22,Dil, 022,033/2. ‘.,15517,. 802853, . 01C 3 28, 
+1.432768*. 189269, .GG130 8/ 

NAMELIST/lEii/NRUNsS £n30B, OELF , 8TF, BL 2 tBL 2 B,FQDPRT 
+, FBAHP,FBPHA, SCAMP, SOPHA, TL,OYNR, TAU3,TAU5,TAUf 

+Jiclln;pmfilt,akeg,akagc 

ICCLRC=0 

PHFILT=.7 

PI=4.+ATANti. I$PI2=2.*PI 
ZET A=SGRT (0 .5 ) IZETAB=ZETA 
REHTX-299. /PI 2 

A KEG=26. 44$AK AGC=. D16STAU 3^.1187 

DO 1000 1=1,300 
ARGU= (FLOAT (I) -1.) / REMIX 
A LSIN ( I )=SIN( ARGU) 

1000 ALCOS (I)=COS(ARGU> 

3 CONTINUE - — 


TRU3tfc>MU-p^c PuucrfiOM LJS-f 
T^o«. MEW 


READ INPUTS 
READt5,INl> 

IF (EOF, 51 9999 ,9998 
9998 CONTINUE 
AS0FT=.37 
DYNR=6. 

PHFILT=.7SBL2=294. 

NRUNS-20 16+ IDLB IT 
NRUNS=4C32+IOLBIT 

ERRI=0.$IFRAME=1SIAERRI=1 

I1=I11II2=I22$I 5=I55SI6=I66 
Jl= Jllf J2=J22TJ5=J55SJ6=J66 

Ki=Kll§K2=K22 $K5=K55SK6=K66 

SUYA1=0. SSUYA 2=0. SSUYP1=G . SSUYP?=3 . 
SGNPT=1. 

XISUH=0,$XISTG=0. 


START**® GUO Woes 

in Ti*EL sawb. Poam°^ 

cu pRoe>U3iv\ 


7 ST- 

is 


SocecE. 


003417 

330436 

300436 


CBINl=Q.$CeiNZ=xg.*C8IN3 = 3. tCBIN4=G. 

I LGC=0 JTL0CF= -1 $IDO=OBI D0N=-1 

AS 0 FTI= 2 ./AS 0 FT 

00 2000 1 = 1,400 

AE RRI t I) =D * 

00 2 C u 9 1 = 1,6 \ „ ^ 

I rco ( i > =-i mrn^u'iE- 1*7* Scccce. 

ircd( 6) =1 i 1 

00 199 1=1,8 

SBINS1 (l7jJ=C.SSBINS2(I,J)=0. SSBINS3 (I, J) =0*$S8INS4 <I,J>=0. 

CONTINUE 

CONTINUE 

IXH=C 

CONVERT INPUTS <ENQ ,QPE R, PHIS S, PHI SSB) 

ENO=i:**»(ENCOQ/lC, J$EN0H=1C. ** tENGHIN/lC.) 

BPER=l./BRATeSDT= 8 PER/NSP 8 , 4or 

PHI^S=PHI 0 EG*PI /180 «SPHISSB = PHIB»PI /180 * 

AMIN=S0RT (EN0 M*Nfl *8RATE > SG1LIH=10. ** (DYNR/«,Q* ) 

A = SORT tENO *N0 *BRATE 1 

CALCULATE LOOP PARAMETERS ( TA U1 , TAU3<<t TAUB1, TAUB2t KB) 

WN=BL2/ (ZETA* .2 5/ZETA) 2> AK = P12*FQlFF/SlN (PHISS) 1 . , 

TAU1=AK/(Hn2wN) UAU 2=2, M ZETA-.5/ tWN*TAUi ) ) /UN } AFC LCCP 

k=ak/amin _ 

f ii® tirawisaxffjsiBT ^gpG««*e 

AKBMIN=PI2* COELF/2* )/IK*l. 412 5) ^COP 

<B = AK/AKBHIN — 

Cl=l"-DT?TAUlfcl=TaU2/TAUl$C3=CitC2-l. TEAUSTOW VCK. HTC 
C4=CT*K VCO __ 

C5=CT/TAU3*C6=1.-C5 £ -TFrAHSFee* S&? FtLTE^ 

C5=PPER/TAU3tC6=l • ~C5 

C81=l^-ePER/TAUBl$C82=TiU92/TOUBl^B3=C81*C02-l. 2-TOASTtEM Ffcfc BIT SVMC. 

g|3^ 0 c ^«Sil!gi5?=i::ei2S I^WSSK 

SIG=0 • 5*SQRT ( NO/DTJ 

00 1031 1 = 1,53 1 

PR0BT = SQRtIaL 0G U^/ (PROQI’PROail M 1 MolsE 

PROB(I)=PROBT-lCDC+PROBT* ( Cll +PR0BT »C22) ) / L NOISE. lAQLES 

♦ ( i»*PRCBTM0li«-PR0BTM022 + PR0BT*D33>l) r 

PR0B( I ) = CPROfl il ) - « 314) *1. 3404 

1 pRNom=paoBm*siG 

00 1002 1=1,50 j 

PRC 8 ( 50 * 1 ) =-PR 0 B< 51 - 1 ) 

2 PRNCC50+t)=-PRN3 (51-D . 


IF 



V J 


I 

4* 


000445 

000451 

000456 

30G466 

000474 

000502 

0005C7 

000524 

000524 

000536 

000536 

000552 

030552 

300576 

3 G0576 
000606 
00 CSC 6 
000614 
0 0 0614 
300625 
000637 

00G637 
000640 
000642 
000643 
□ 0 0646 
000651 
000656 
000663 
300667 
000670 
300672 
0GD676 
3 0070 Q 
33D70 2 
000710 
300711 
0QG713 
000715 
000716 
003720 


300723 
300732 
000736 
000745 
000753 
000754 
QO0760 
000764 
0 0077 3 
001032 
001002 


201 




202 

203 


204 


OMC=P I*BIF£OHT=QHC*OT 
Bl=ttCMT+8. >*CHT/24.n* )»OHT*l. 

92= { « ( 11. *OMT/Z4.+i .)*OHT- 1*) *0HT-3.)/Bl 
B3=C( (11* *OMT /24 •— 1 .)*OMT — 1.) *0HT+3.)/Bl 
94 = ( I [ OHT-8* J *0MT/24*4'1«) ♦0MT-1*I/B1 
Al=OHT*OMT*OM U (24. *81) SA2=11.*A1 
PRINT 201 » ENODB,OELF,BIF, BL2, ASOFT 

F°RHflr(lX,*ENOOq=*,F6.1,* ,DELF=*,F6.1,* ,BIF=*,F6.0, 
* *BL2=*, F6. C , * , ASCFT = * f F6 *4 ) 

PRINT 222* FQDpRtJtL jDYNn 
FORMAT (IX, *FQDPRT= *,E12.I 


’ i »iftj r «urr^i- T tLiC. 4i* TL = ^ 

PRINT 203 t SOAHP l FBAHP,S0PnA,FBPHA 
PORMATJlX^SOAMf^ * ,E12 .4, * FBAHP= *,E12.4, 
k* SDPHA= **E12. 4, * FBPH A= *,E12.4> 


i E12. 4» * 0YNR= *,EI2.4> 


*TAUB2 


2C5 

206 


220 


* ^ * LI C . ^ htiPHA= *,fc 12. 4 1 

fS5S!T?2S:SSsStI^:i:! l ’!s!!k!::! u SsJ ls ., 


IF ( FHF ILT ■ LT. l.lIpRIfrf 205 ,Pm£iLT 
FORMAT (1X,*PMFILT= SE12.4) 

IFdCLLN.EQ.DPRlNT 206 
FORMAT (IX* * LOG NORMAL SCINTILLATION*) 

ISi^^i?A5§VFe?SS^HifSu^ PI^ * T^l05>!EFBTfl06=1 •' tPI2 " TftU6, 

2010 FORMAT UX,*FBTAU3= *,El2.4 f * FBTAU5= *,El2.4, 

♦I FETAU6= *,E12.4> 

IERRSP=B 
DO 220 1=1, ICO 
AO 0 m=o. 

ERRH ( I > =0« 

TAUPM=1./{PI2*8RATE*PMFILT) 


t ^O\\ 

f CoNDnicNS 
T^nv^Soj 


) PCtMODuiAmc 


P^eMoUuiAT^cN T=»t-TCS5 


663 


APH=(CT/TAUPM*C T/TAUPM) /2*£BPH=2.*OT/TAUPH 
CPH=-AFM^BPM-l.$DPM=-APH-9PH+2. 

U=0.$V=,1SG1=1. 

TH2 = 0. 

CTH2=l.tSTH2=0. 

eq=o.sev=o*!;evq=d.sevio=o. 

XI=0.ftXO=0. 
t3V=0.?CERRC = 0. 

TH1=Q . |TH11=0 . $TH12=0- $OTH1=0 . tOTHli=0« £0TH12=Q . 

ERROHP=0 • 

IHOLD= QSIHOLD 1=0 
VHH=0 • |UMH=0 • 

VDP=0 » 

XIOO=3.$XIO=ii. 

I0ATA=-1$K0UNT=-1$J=NSPB 

TURBULENCE INITIALIZATION 
AC0R=SQRTC2.**.75HU> 

AAMP=F I2*FB AMP/ ACOR IAPH A=P I2*F8PH A/ ACOR 

I AHP=INT (.5+0 AM 43/ ( AAHP*OT) I $IPHA = INT («5f GAK43/ f APHA*DT ) ) 

GAH43A = DT*FL0AT(IAMP)*AANPSGAM43P=0T*F10AT<IPHA)*APHA ' 

IF(ICCLRC«EQ.0)GOTO66Q 

C5 AHP = GAM43 A* ACORSC 5PHA = G AM43 P*ACOR 

C6AMP=1.-C5 AHPIC6PH A=l. -C5PHA 

CORAHP=l./SQRTCC5AHP/(2*-C5AHP)) 

CORPHA=l./SOPTtC5PHA/(2,-C5PHA) ) 

CONTINUE 

IF(SDAMF. EQ.O • ) GOTO SOD *~Nd AMPLITUDE* SCj H Ti ulA*u o#3 


OLD c/x OF TfcuPM 


001003 
0010C5 
Q01Q06 
C 013 11 
c3io£4 
031027 
301051 
001061 
001066 
001073 
031375 
3Q1Q77 
001100 

001123 
001126 
001127 
001131 
001131 
001133 
0Q113*i 
001136 
001137 
GO 11 4 2 
001155 
001160 
0012C2 
u 0 1212 
301217 
001224 
001224 
301225 
001225 


001231 
aoi23i 
0 D 1240 
001243 
001246 
001252 


001252 
001253 
GO 1254 
001256 
001264 
QQ13C6 
301316 
001317 
001324 
001326 
001331 
001333 
0 Q 1 333 
301034 
301336 


'FiUr UMG. mniA.LUV 


501 


50 0 
502 


YA=Q.tS2A=0. 

00 501 1=1, N43 
V A=FL0 AT (I- 1) *GAM43A 
TGA m=GAM43A/,8929 795il*VA** ♦3333*EXP(-VA) ' 
S2A=S2A*TGA(I)*TGA{I> 

J1=129*JH-C1+129*J2)/204B?J1=HOO(J1,2Q48) t J2=HCE ( {lfl29*J2> , 
Rl=FL0ATCJi*2048*J2>/41943Q4. $RCAU) = FROB (INT (100 .*Ri> +1) 
YA=YAfTGA(I)*RCAm 

S22A=SCRT(S2A) JYA=Y A/S22 A*SOA HP iSaCMK -a? 

YAPO= Y A + i* * 

IF ( ICLLN« NE*1 ) GOTO 502 
Y= ABS ( YA1 

YAPO=l.*Y* (1.*, 5*Y* C1.+ .333*Y* U. + ♦ 25*Y* < 1 2* Y* tl. 

♦ f • 1667* Y) ) ) n 
I F ( YA ♦ LT * 0 • ) Y APO=l« /YAPO 
GOT0532 
YAPO=l. 

CONTINUE 

YAPOA=YAPO*A 

IF ( SO PH A. EO « C « ) GOTO 630 • ■ N© BilAsE SGi>1Ti»juK7ioN 


i=iul uHE. W1UU.V 


6C1 


600 

602 


YP=C.«S2P=0. 

00 601 1=1, N43 
VP=FL0AT (1-13 *G AH43 P 
T GP< I )=GAH4 3P/. 892979511* VP*-* 3333*EXP(-VP> 

S2P=S2P+TGP (I ) *TGP (I) 

K1=129*K1+ C 1*129*K2) /2048$K1=N0D(K1. 2348) $K2=H00 t C1+129*K2) , 
R1=FLCAT (Kl*2 048+K2 J/41943Q4# $RCP < I ) = FROB (INT C 100 . *Ri> +1) 
YP=YP*TGP(II*RCPCI) 

S22P=S0RT (S2P ) SYP=Y P/S22P* SOPHA 

GP f06: 2 

YP=0* 

CONTINUE 

I AHPC= 0 SIP H AC = 3 INN=N43-i 


INDEX SCINTILLATION 
CONTINUE 


*Fb?t HBo 


13 

C 

10 

504 


661 


IFCSOAMP.EQ.fl • • AND » SOPH A* EQ»C*)G0TO12 
IAHPC=IAHPCf 1 IIPHAC = IPH AC*1 

IF CIAHPC*GT*I AMP) GOTO 10 UJ&Ex AMPUtuSo UUE- 

H ( ^ h ?S* GT * IPHA) G0 T0 11 WOEx *0ASE UHG. 

GO TO 12 ^ UME m V& HG\ 

AMPLITUDE SCINTILLATION 
I AHPC= 1 

IF (SDAPP,EG*0« > GOTO 503 

OO 50 4 JJ=i,NN uMEu 

RCACN43+1- JJ) =RCA (N43-J J) 

J5=129 * J5+ { If 12 9*J6 )/20 48 $J5=M00tJ5 ,20481 SJ6 = HCD ( <1+129*J6> , 
R1=FL0AT ( J5*2 04 B* J6 I /41 94 304* 3RCA C1)=PR0B CINT ( 1C Q * *R1) +1) 
IFCICCLRC.EQ* C ) GOTO 661 

YAXX=C6AMP*YAXX*C5AHP*RCACi)$ICAHP=ICAHP+l 

VAX=YAXX»CORAHP 

SUYA1=SUYA1*Y AXSSUY A2=SUY A2+Y AX *Y AX 

YA=YAX»SDAHP$G0TO662 

CONTINUE 

YA=C. 

OO 505 JJ=1,N43 
YA=YA+TGA( JJ) ♦RCA ( J J) 


2048) 


2048) 


SAMPlt 


2048) 


5C5 


cn 


83 


to 

F g 

wf *9 

^5? 


001343 
001345 
001345 
001347 
0 J1351 
301352 

662 

001375 

001400 

0014C1 

5C3 

GO 140 3 
001403 
0G14C5 

506 


C 


C 

DG14:6 

11 

001407 

001410 

001412 

331423 

301442 

031452 

001453 

001460 

001462 

634 

331465 

001467 

663 

001467 
0 C 147 3 
301472 

605 

001477 
DO 15 G 1 

664 

0J15C1 

001502 

603 

001503 

606 

0015C3 

001533 

12 

33 15 C 6 

C 


c 

301515 
331516 
301520 
001521 
001524 
CC1526 
3 j 1534 
3 01535 
001536 

31 

221542 

1 

001542 

331547 

_1Q11 


C 

3G 1547 
0315*3 
G 0 1562 
301565 



YA=YA/S22A*SOAMP 
CONTINUE 
YAPQ=YA+1. 

IFtICLLN«NE*l I GQT05C6 
Y= ABS ( YA) Lea KORMAU 

YAP0=1.+YM1* + *S»Y* (i.+T333*YMl. *.25*YM 1 • ♦•2*YMi. 

++«1667*Y>) )1> 

IF(YA,LT*Ci )YAP0=1»/YAP0 
GOTC50E 

Y APC= 1 * 

CONTINUE 

Y APOA = YAPO* A 
GO TO 13 

PHASE SCINTILLATION 
IPHAC=1 

IF(SOPHA*EQ«C ♦ ) G0T0633 
00 604 JJ-1,HN STEF UtfE 

RCPCN43*i-JJ) =RCP (N43-J J) 

<5=129*K5+;U-129*K6)/2Q4&SK5=HC0(K5 T 2348> 7K&-H0D C (H-129*K61 ,20 40) 
R1=FLCATIK5 >2Q48+K6)/41943Q4, $RCP (1 S = PR0B IINT (100 »*R1) -**1) 

IFCICCLRC.EQ. 0) GOT0663 

YPXX=C6PHA*YPXX+C5PHA*RCP t 1 ) 3 ICPHA=ICPHA*1 
YPX=YPXX*CORPHA 

SUYP1=SUYP1+YPX$SUYP2=SUYP?+YPX*YPX 
YP=YPX*S0PHATG0T066*+ 

CONTINUE 
YP=C. 

OO 6C5 JJ=1,N43 
yp=YP+TGPC JJ) *RCPCJ- - 
YP=YP/S22P*SOPHA 
CONTINUE 
GOTC6C6 

Y P = C * 

CONTINUE 
CONTINUE 

IF ( J.LT.NSPB) GO TO i _ 

IF(KOLNT.EQ.2QQO*INT(FLCAT<KOUNT> /2S00* ) ) SGNRT--SGNRT occasionally Cl . 

©PtttPpLECt 
To AKcxD /LUiSJMQ 

Problems 


NEW SYMBOL 

ioataw=ioata: uoata:=ioata 

IX 0=-1 

IFCIRCO (1) .NE. IFCO(6>> IX.,-1 
00 31 IDTS=1* 5 
TRCC( 7-IOTS) = IRCD tf -IDTS) 
IRCCC 1 )— IXD 

ioata=ixo 

OTHl=SIGN{OTH I, FLOAT (IDAT A ) ) 
CCsTTNUE 

I F ( ABS <TH1 ) .GT.PI2) GOTO 10 1C 




(oEMEei^ bP 


MoDct-ATioU 


P RE HOC ELATION FILTERING 
IF ( PHFILT*GT* 3 . 1) GOTOIQ 13 

0THl=CPH*0TH12«-CPH*CTHllf APM* TH12 «• A PM*TH11 
OTH12=CTHll?OTHll=OTHlSTH12-THllSTHll=THl - 
TH1-TH1 fOTHl 


- filtEE 

— IMDEX OLi> VALOH3 


V- 7 


^ — y 


1014 OOTH1=OTH1+YP 

IF (ABS (00TH1) .Gl\PlE)OOThl = AHGC (00TH1.PI2 ) 
ITHl=5lNT(RCHTX*ABS(COTHl) ♦ 1 ♦ ) 

STH1=ALSIN(ITH1) SCTH1=ALC0S(ITH1) 

IF CCOTHl.LT.: . ] STHl=-STWt 
G0T013 12 

1010 SHFTH=SIGN(PI2*TH1) T 

thi=thi-shfth*thii=thii-shfthsthi2=thi2-shf;h l 

2 i?i 7 SJt ll ~ SHFTH * OTH 11 =OTH 11 “ SHFTH S° TH i 2 = OTHi 2 -SHFTH J 
GO TOl 311 y 

1013 TH1=TH1+0TH1 r 

finfnnJ* No PREMc&ULKT'ori FILTER. 

.1012 aSTHl=VAPOft*STHltACTHl=YAPOA*CTHl 
i KTB NC IS? 


Sr INDEX 


I2=M0D( (1+129*12) ,*0481 SI6=MOO ( (1* 129*161 *2048) 

R1=FLCAT (11*2 3A8+x2 ) /419430 4* SNC=PRN0 (IWT (l£u.*Rl)+l> 

I F(Pl. GT . . 0 33 ►AW 0 .R 1 .LT.. 997 ) G 0 T 045 C 
5 • tl* • 003 >NC= 1 . 3583 *SQRTC- 1 . 5726 -AL 0 G(Ri+l.£- 13 )) 

NC = SIG*NC 
CONTINUE 

Rl=FLCATCI5*2 048+16)74194304. SNS=PRN0 (INT i 10G.*R1)+1> 

IFCP1.GT.. 003.ANO.R1.LT.. 997) G0T0451 
rPCgl.LT..003)NS=l. 3583 *SQRT( -1.572 6-ALOG (R1+1.E-13J) 
rE5?^9J 1 i: g 2J , ^ C 3* 1 *358 3* SORT (-1. 5726-A LOG ( 1. -Rl+1* E-13 * > 

IF (ABS CNS) *GT . 4 . 5 ) NS=SIGN t 4 .5 *NS) 

NS=SIG*NS 

CONTINUE 

IBIT=IBIT+l‘5Js=J + l 
LOOP EQUATIONS 

CAMP(t* )=CNPLX (AST HI -f NC. -ACThl-NS) ♦CHPLX (CTH2.-STH2) *G1 inPlIT miv r.Oi »ei> 

CFILT(4)=Al*(CAHPC4l+ciHP(l))+A2*(CAHP(3)^CAfrP(2)f — T mPlJr 

+-B2*CFILTm-03*CFILT(2)-04*CFILT(l> ( 

DO 30 IFILT=1 » 3 / rp tiiipp 

CAMP( IFILT ) =CAHF (IFILT + 1) \ ‘ P F * Lra2 ’ 

CFILT ( IFILT ) = CFILT ( IFILT* i } 

AGC 

IF(J.NE«20) G0T03DCQ — INDEX ONCE. ’FTSc -Qir 

V=C6*V*C5*USU=AIMAG (CFILT (4) ) 

IFTG? S GT , G?LfSf^-^l’T < ; AKaGC * VC ’ IP 

) CONTINUE ’ 6111 >G1 ‘ G1LI IXVJ&vnc , gtN 6 £ UWlWnPN 


fp Filter. 


3000 CONTINUE 


AFC 

E = REALCCFILT(4) ) 

£V=Ci *EV+C2*E-C3*E0 APC FtCTErz. 

EV1=EVQ-ED0P»X r,L ' lCK ’ 

EDOPRX=EOOPRX +EDOPR* SGNRT 
TH2=TH2+C4*EV1 rjco 

If (A0S(TH2) .GT.PI2) TK2=AHOQ (TH2*PI2) 
I TH2= IN T (REHT X* ABS ( TH2 ) +1. ) 




0«1 <222 
? <*225 
.2230 
-02234 
JC2237 
332242 


032245 

002247 

002253 

202253 

002256 

002264 

002273 

032277 

002277 

002352 

Q023G4 

032337 

002313 

302317 

002323 

032326 

002337 

032343 

332341 

002344 

302354 

302361 

002365 

332366 

302367 

302367 

002371 


002373 
002375 
3324G0 
0324C1 
0024C1 
002404 
002410 
002412 
0 C 2415 
G 0 2415 
CJ2421 
it 0 2422 
302424 
032427 
002430 
032430 


002435 
0 0 2437 
332445 


toPPt-Bfir T=lL.*reX^ 


STH2=ALSIN ( ITH2) $CTH2=ALG0S (ITH2! 

IFCTH2.LT. 9.) STH2=-STH2 
VDP=C6CP*VDP+C5DP*EV10 
EV1C-EV1-VMH-V0P 
XI=XH-EVlCtXQ=XQ+EViC 
£VO=EV5EO=ESFV10=EV1 

3 BIT SYNC TIMING 

IF C IBIT. N£. NB IT2) GO TO 2 
XQO=XOTVXQ=EV1CSXQ“VXO -buwp 

IF C IBIT.NE . NBIT2 + 1) GOT0832 

VXOC= CEV1C— VXG) /DT* CTSY NC 2-CT *FL0 AT CNBI T2) 1 *VX0 
XQCOR= C VXQC+V XQ) /2. * (TS YNC2-DT*FL0AT(NBIT2) I /DT 
XQ0 = ( XQO+XGCO FI /FLOAT CNBIT1 $X QsXQ-XQCOR 

032 CONTINUE 

IFCIBIT.LT.NB IT) GOT 04 — M>Dmo*uu_ SfcMPuBS 

IHOLD1=IHOLOS IF0L0=-1 

IF CXI. GT . C ♦) IHOLD=l SUMP iDJ-PUASE. 

X IOO=X IO$XIO=XI/FLO AT(NBIT) 

VMH=(C6HH*VHH+C5MH»UMH) *A5SUMKsfl. TSfcSEUNE FlOHE: 

IF ( IHCLD.NE. IH0LB1) UMH=XIOO+XIO 
XIH0LD=X I/FLO AT (N8IT) SXI=3 • 

0£RR=XO0»C CTHCLD-IHCLBU/21 50 V=CB1 *CVfC *2 *Q£RR-CB3* CEPR0 TCACW* Q 

QERR0-GE9R 

IBIT=3 

FVCQB=BRATE+KB*OV 

TSYNC=TSYNC-N6IT*DT+l./FVCOBSTSYNC2=TSYNC-i./C2.*FVCOB> 

NBIT“TSYNC/0TfNBIT2=TSYNC2/0T 

IFCV.GT.TL1GO TO 95 - ^ <->t* t_©e.JC 

IL0CF= ILOC 
I D0N=-1 
4C 2 CONTINUE 

< 0 UNT=K 0 UMv : A 

IF CKOUNT 4-2 .NE.I0LBITIGOT033 

C 

C REINITIALIZE DATA AT 
DO 34 I0UM=1,5 
34 IRCDC IDUM)=-I 
IRC0C6 ) -I 

33 CONTINUE ^ 

IF (KOUNT.LT.IDLBIT) G0T093 — ftonAJONC fcfcjfc TW=- 

IFC IHCLD.NE .IOATAO) ERRD HP=ERRDMP+t. settun® tmg 

IFRAME-IFRAME H 

IFCI^RANE.GT.NFRAME)GOTO2002 
20:3 CONTINUE 

IFC IHCLO.NE.IOATAO) ERRI=ERRI+1. 

GOT02004 

2002 AERRICIAERRIJ =ERRI 

ERRI=Q.$IFRAHE=1$IAERRI=I AERRI+l 
GOTO20Q3 
2334 CONTINUE 


1 EREfcS: AS A Function 

OP 


XISUM=XISUM+ARS (XlHCLOl SX IS IG -XIS IG+XIH 0LO*X IHQLD 
ERROR SPACING 

IF(IHCLO*EQ.IDATAC) G0T0221 „ _ 

IFC IERRSP. LT. 11 IERRSP=iSIF C IERRSP. GT. 1001 IERRSP=100 
ERRMC IERRSP)=ERRHCIERRSP) + 1 • $ IERRSP=0 3G0T0222 


332451 


221 IE&RSFsIERRSP+l 


222451 


j £ 2 4 5 1 
3C2456 

3:24*4 
K2465 
jC25:i 
302512 
IT 25? 7 
- u 2 5 h 1 
3C2556 
dt2567 
;j2e:2 

j 0261 2 

302612 

>2616 


,s02cl5 
I 0 J 617 
3C262C 
;C2 623 
K2622 
3C2625 

:: 262 e 

J C 263 1 
3C26:1 


222 CONTINUE 


-jo 

QG 


3C 263 5 
. C 26 3 5 

421 

U.2c3E 


3 C 264 1 
3C26A2 
:C2642 

LZ 9 

93 

C 

?C 2645 
GC2645 
] C 264 t 

c 

92 

U 2666 

666 

3C26E6 

JL2666 

?L27-1 

665 

D (.27 1 2 
IC 271 2 
K2722 

4 11 

;C2731 
J l 27 2 1 
3C2733 
JC2734 
wC273E 
322741 
3C2742 

412 

] C 2 7 4 4 
J C 2731 
i L 2 7 6 C 

403 

3C2773 

4C4 


SOFT DECISION 

I srt XT fu SOFT I* XI HOLD 

iFMx.Gr.eux^aiiFci 

IFMYM*EQ,G>G07096 

rFCICATflM.EO.~l. AND. 

If CICflTfl KEO.-i.ANO. 

IFCIOATAW.EQ.-i.AND. 

IFfICATAW.EQ.-l.ANO. 

IF (ICATflW .EQ. + 1.AN0. 

IFMCATflH.EQ.^l.ANO. 

IFCICATAW .EQ.+l.ANO. 

IF (ICATAh.EQ.4-l.AND. 

CONTINUE 

lxe=lXSG0TO93 

CCNVIHUE 


LCCK/UNLOCK 

IFCILOCF.EO. ILCOGCTC40C 
TL0C=ILCC+1 


+4. I >1 
X.LT.l) IX= 

IOATAO. EO. 
IOATAO. EG. 
IOATAO. £Q * 
TOflTAQ.EQ. 
IOATAO. EO. 
IOATAO. EO. 
IUATAO.EQ. 
IOATAO. EO. 


-1)SBINS1<IX,IXH> =S0INS1 ( IX, IXM) +1. 

-ncem=CfUNi+i. 

+ 1 ) 50 INS2 (IX,IXH)=SBINS2(IX,IXN) f 1. 
♦ 1 ) CE IN2=C9IN2+i. 

-11S0INS3 (IX,IXM)=S0INS3(IV,IXM)+1. 
-1) CBIN3=C0IN3+1. 

♦ i)SeiNS4lIX,lXM)=SBlNS4CIX,IXH)M. 
♦1>CBIN4=CBIN4+1. 


*o: 


IFfIL3C.GT.NRUNS)GCTC4C8 

G0T05J 

IFtIC0«E0.I00N)G0TQ4fll 
100 = 190 + 3 . 


12 ?iTa To locK 


IFCICO.GT.100IGOTQ402 
ID0N=ID0 


DROPOUT f 3 *T 3 


current drop-dot 


AOetlDON) =0. 

A0eiI00NI=A00CID0NH-l. 

GCT04C2 
ORINT 4C9 

FCR M AT ( 1 X ,*ACQUISITI CM F A ILURE* I 

GCT0413 

CONTINUE 

IFCKCUNT.LT.NRUNSIGO TO 4 & ODlTioUAu e*TS 

ERROR RATE CALCULATICN ^° M 

CONTINUE 

IF ( ICCLRC .EG.Q)G0T0665 

PRINT 666 , IC AMF, SUYA 1 ,SUYA2 , ICPHA § StfYPI , SUYP2 
FCRHflT (IX ,I6,2E12.4,I6,2El2»4) 

CONTINUE 

*KK=KOUNT-IDLBIT$PEI=ERRDMP/KKK$SPEX = SORT(PEIMl.-PEn/KKK 1 
PRINT 411 ,PEI,SPEI,KKK 

F CRM AT (1X,*PEI= *,E12.4,* STDEV= +,612.4,* EITS= + ,I6) 

XISU y I SUM/ KKKJX ISI G=SORT (XISIG/KKK-XISUM+XISIIH) 

PRINT 412,XISUH,XISIG 

FCRMATC1X,*XISUM= *,E12.4,+ XISIG= *,E12.4) 

AOOA=D,$AOOS=a. 

ir(rC0.EQ.C)G0TC4l]5 
IF(IDO.EQ*i)GOT03B01 
IF < ICO. GT.1 j01GCTO35Q2 
00 403 1=1,100 
AC0A=4DOA+AD9CI) 

AQCS= AOOS +AD9 C I) * A DG (I) 

ADO A -ADO A /ID Q $ ADO S=S CRT ( ADOS/ ID C- ADO A*A OOA ) 

PRINT 4 04 , ILOCF.I CO * ADQA , ADOS 

FCRMAT(lX,*L0CKlN=* t T6t* , OROPC ITS=+ , T6 , * » AVE=* , E12 . 4 » 




DBdFOOT 

PRiN*pDOxS 


I 

ID 


ORIGINAL PA GE 18 
OP POOR QUALITY 


i 

O 


202773 

0G2774 

405 

;C13]2 

303332 

407 

0C30P3 

35:i 

003013 

3523 

003313 
0 C 3 G 1 4 
3C 3016 

1502 

303023 

3504 

3Q33:<h 
3 033 3 2 
•3C334 6 

3505 

CC3;i46 

4 06 

003346 

303354 

223 

3C3354 

3C3364 

313 

1C3064 
JC 30 66 
2C3267 
303372 

315 

303377 

314 

conic 

JC 3 11 C 
303114 

316 

3C31-*0 

350 

3C314C 

303150 

317 

31 31 5 C 
0 C 3 15 2 
K 315 3 
303156 

319 

303163 
3C3174 
30 323 0 

318 

}C 3 22 m 
30326: 
3 C 3 2 E l 

2031 

;0126t- 
303264 
CD 327 1 
TC 3274 
3C3275 
103276 
303277 
:C3i:i 

2035 

?QC 8 

003334 

2006 

:C3315 

?C37 

0C3315 

410 

K3315 

307 

j G 3 321 
303321 
3C3322 

104 

9999 

Ct 3322 


+ * ,ST0 DEV=*,£12.4) 

G0T04:6 

PRINT 407,ILOCF 

F CRM AT l 1X,*L0CKIN=», 16,* , OROP0 l TS= 3* ) 

G0T04Q6 

PRINT 3 5 2 3 1 1 L OCF , A D 6 1 1 ) 

FCRHAT(iX,*LOCKIN=*,I6,*GROPOLTS=l CF*, E12.4) 

som?6 

CO 35C4 1=1,100 
AOOA-AOOA^nnBCi) 

ADOS=ADOS+AOBU>*AOB (I) 

ADOA=AoCA/iOO.SAOOS=SCRT t ADOS/1 DO .-0 CCA* ADO A) 
PRINT 1505, ILOCF,IDO,AOOA, ADOS 
FCRMAT(1X,*L0CKIN=*,I6,*0R0P0UTS=*,I6, 

+* OF FIRST 100:AVE=*,Fi2,4,* STC DEV=* , £12* 4) 
CONTINUE 
PRINT 223 , ERRH 


FCRMATClX^ERRF*-, ,10 
PRINT 3l3,CBINi f fcElN2 


10ClX,i0E12.4,/| ) 




FORMAT Cl X,*-l-i P(Rl*R2/Ti«T2)TIHSS*,F6t3*37X, 

+♦-1+1 P[ Fi.R2/Tl,T2) TI MF S *, F6 « 0 ) 

DO 314 1=1,0 
00 115 J = l,8 
Fl ( J)=S R I KSl tI,J) 

F2CJ)=SBIhS2 [I.Jl 

PRINT 31 6»F1 ,F J 

FCRMATCiX,8F6.0,6X,8F6.0> 

CALL CHCUA tS8INSl,S9i)5CALL CHCL A < S 61 NS 2, SB2 1 
PRINT 350 iS91<l),S8I (2),SB2(1) ,SB2<2) 

+,SE1 (3) ,SB114> ,S92C3> f SE2(4) 

F CRHAT (1 X , ♦OUADRENT SUHS.^.HARC 0ECI SIQ NS* , /, IX, 2F6. 0 • 37X t 2F8. 0 
+,/,l*.2FB*0,37X,2F8,0> 

PRINT 317 ,CBIN3f CBTN4 

F CRH AT (1X,*+1-1 P(R1.R2/T1,T2>TIM6S*,F6.0,37X, 

+♦+1+1 PCRi.R2/Ti«T2)TIMES*,F6.C> 

00 319 1 = 1,8 
00 319 J = 1 ,8 
F1(J)”S6IKS3 ( I , J) 

F2(J1=SQINS4CI,J) 

PRINT 316,F1,F2 

CALL CHQUA (S8INS3, SB 3 ) ICALL CHOU A ( SB I NS4, SB 4) 

PRINT 350 ,S83 1 1 ) ♦ 593 12) ,SE4fl) ,SB4 J2> 

+ ,SB3C3),S93C4>,SB4C3>,SB4C4) 


\ 


Soft 

DEOSIok 

TSlNf 

Meqpraoe .3 


PRINT 23 Q 1* II, 12, 15, 16* J i , J2 * J5 , J6, Kl,K?, K5 ,K6 "KJXNDcivt PoSiIionIs 

FCRMAT<3( IX, 416,/M I 

PRINT 2CC5 

F CRH AT T 1 X , *252 BIT ERROR INTERVALS* > 

NCUT=1Q* IM( FLOAT ( TA E RRI) /10 • +1 . > 

NNCUT=N OUT/10 

JJ=1 1 ME4N l =S2^c£. 

00 2006 1=1 , NNOUT > T=t>MCTBo^ 

00 2008 J = l, 13 op^tiwp 

AERR(J)=AERRH JJ) \ T 

JJ=JJ+1 

PRINT 2007, AERR 

FCPHATtlX,lCE12.4) 

CONTINUE 
PRINT 1C 4 


^CPHAT ( 1 H 1 ,////) 
GO TO 3 


. NEio PRpfcUTM 


ENC 




JGCD35 

- 1. - 3 j » 

3ufl33fc 
‘ j jj (] 3 1 1 


3CCC13 
;&<nm 
^c: 325 

3 r " ** u 

JCG 3 -* C 


:cco42 

JCJJ42 


10 


12 

11 


ISIOM ■STATISTICS 


SygROUTINE CHOuMSI.SOJ 
S5 h t a J si (3»a) ,socm 
DO 1C 1=1, <4 
SO (I i = 0 * 

DO 11 1 = 1 r A 
00 12 

SCU)=SO(i>+SI *S I IT. q- n 

CCNTTNU?* 3,+Sr (gwI » J)? SO(«i)=SO(i») +S Itl-x U-J> 

CONTINUE 

RETURN 

END 


APPENDIX VI 
ACQUISITION 
COMPUTER SOFTWARE 


VI-2 


OOOOC3 
QQGG03 
0 G G 3 C 3 
3QQ0C3 
000003 
□ DC DC 3 
000003 
GOOOC3 
000003 
Q00GC3 
300 0C 3 
000 OU 3 
000003 
300072 
OGQOC3 
000003 
OOGQ03 
300 OC 3 

300003 

000003 


OOOOC3 
000010 
000312 
300015 
000015 
000021 
□ D 00 25 
000033 


000033 
000036 
300Q41 
000041 
f 000045 
000046 
000047 
000050 
Q 0 G 052 
300353 
300061 
000067 
0 OG076 
000077 
00 0 1C 2 


000103 
000117 
Q QQ 123 
0 0 G 125 
000 140 


PROGRAM CHAS< INPUT, OUTPUT, TAPE5=INPUT,T APE 6=GUTPUT) 
COMPLEX CAHP<41 ,CFILT(4) 

PEAL NS«NC * NO ,K , KB 
DIMENSION IRC0C6) 

01 HENS! CM IGA (64) ,RCA{64) ,T CP C&4) , RCP (64 1 
DIMENSION ALSIN (300 ) ,ALCOS ( 30 0 ) , PROB < 10 0 > ,PRN0(1G0) 

DATA 111,122,155,166/1, 2,5,6/ 

DATA J11,J22, J55, J66/9, l5 ,13, 14 / 

DATA K11 2 K22,K55,K6 6/1^, 18,21,22/ 

OATA IRCD/ -1, -1 * -1 * -i,- 1,1/ 

OAT A F BAMP , F0PHA • SO AMP, SOPHA, NO/2* , • 2, * 23, *47, 1 ./ 

OATA G AH43 , N4 3/ « 09 , 64/ 

OATA EN 300, ORATE, EN CHIN /9 • , 98, ,9*/ 

DATA 0ELF,NSP8,NACQT,BIF/6Z., 44, 10 0,1500./ 

DATA 9L2, PH rOEG.FD IFF/176, ,10., 342. 433/ 

DATA TAU3.G YH R, AKEG.AK A GC/, 1187,6*, 26,44, ,Q 16/ 

DATA FRQnOP,FCOPRT,TL/13.E3,l 3* 6,-6 *5/ 

OATA S VPH2 jSWHX,SWMN/2* 2E 3, 28 , 15E3,6. 85E3/ 

DATA C0G,Cll t C22, 011,022, 03 3/ 2 . 5155 17, . 00 2653 , . Q1C328 , 
*1.432708,* 139269,. 00130 8/ 

OATA ICLLN, PH FILT /0 ,4. / 

NAMELIST/INl/NACQT,ENDO0iOELF,BIF,ICLLN,PMFILT 
+,8L2, F8AHP f FBPHA,SDAHP, S&PHA, TL , DY NR, AKEG, AKAGC 
+, SVRHZ ,SHMX T SHMH, FRODOr, F GDPRT 
PT=4**ATANCi. )1PI2=2.»PI 
ZET A=SQRT (0-51 

REMTX-299./PT2 

DO 1000 1=1,303 =j 

A RGU= (FLOAT (T >-I* ) /RENT X F TCt^Nov^ETj^ic USt 

AIS1N ( I )=SIN( ARGU) 11 

1300 ALLC3 ( I) =COS ( ARGUJ 

3 CONTINUE 1?CTUe>J Tec MIE>o 


• '^EToOi Tec MIE>o 


; READ INPUTS 
RE A DC 5, INI) 

IF(EOF, 5)9999, 9996 
9998 CONTINUE 

ICLLN=1SPHFILT=.7$9L2=294. 

T L=-l 7 « 

NSPB=2Q0 
NACCT=3G 
SWMX= 2530 • 

FPQDOP=1200. „ „ 

11= 111$ 12-122 115= I55$I6 = I&& 
Jl= J11$J2= J22 $ J5= J55$J6= J 66 
K1=K11$K2=K22$K5=K55$K6=K66 . 
00 2009 1=1,6 
2009 IRC0m=-l 

IPCD(6 ) -1 


7 AU- 

r at tue fc^: 

— t sacu meusw 

S §AM£ TtoSTRoW Tr&ZL 
__ T-R 3 SBUSKI 


CONVERT INPUTS (END , BPER, PHISS ,PHISSB) 

EN(] = 10.*MEN0 09/1G. )$EH0M=10. ** (E NQ HTN/IO . ) 
9PEK=l./0RATEtDT=0PER/NSPB 
PHISS=PHIDEG*PI/180 . 

AHIH=SCRT(ENCH*NO*BRArE ) $G1LIK=10 * *• COYNR/20. ) 
A=saRT(EN0*N0*BRATE> 


VI-3 


0001** 
00015* 
0 00 163 
000165 
000173 
00017* 
000203 
000207 


D 0 0211 
Q 0 022 0 
000222 
000225 
000227 
000235 
0002*1 
0002*7 
000250 
000252 
300257 

000300 
00030 3 
000 307 
0 00311 
000315 
Q 0 C 321 
3 3 C 32* 
000332 
0003*0 


T ft U1=AK/ (WN*WN) ST AU2=2 . *<?Eia-« 5/(WN T&Ull > fnn 
EDOP=PI2*FPOnOP/K3E D0PR=PI2*FQQPRT*0T/K 

EVHflX=PI2*SV(MX/K$EVf'IN=-P I2*SHMN/KtSVR=PI2*SVRHZ/K 
ipULL=Flf/K *( FOIFF»SVRH7/ RRATE) 

QES=D T ¥ SVR 

Cl=l«>-ET/TAUltcI=TAU2/T ttU t$C3=Cl* , C2“l» 

vco 

SftCO= 0 S ACQ = 0» f AKOU=Q.SSKOU=Q* IflHISS=0«$ AFAL-0* 

A UEES=O.SSTnES=O.SA VEEV-0 •SSTOEV-O. 

STG=0 4 5*SQRT<N!]/DI1 
DO 1001 I=1*§0 


jjJClccT 


AFC RcpBK- ^-TitKViSR5E>A 


0003*6 

000355 

000362 

000375 

202 

OOC 375 
000*13 

20* 

000*13 

000*27 

203 

000*27 

300**3 

207 

000^*3 

000*53 

000*53 

000*61 

235 

206 

Q 

000*61 
000*61 
0 0 0*67 

c 

*35 

399 

000*67 
C 0 0*70 



PPCBI = FLOAT(T)/10C* mODnaT1 . . 

Sgg| I I?Sp5oSV- IMS* P™“?MCll"«0nT»C22) > / 

♦? 1 «+PB 0 BT* COil{rRO0TMO22FPROBT*O33 > ) 

PPOBC X) = CPRO0 m-.Bl*) * 1. 0404 
1301 PRNC(T)=PROB(I)»SIG 
00 1002 T= 1*50 
PRDB(50+T1 =-PRQB (51-IJ 

1002 PRNO 150*1) =-PRW0 (51-Ii - 

gmc=pi*bifscmt=omc*ot iitnMT “ 

51^ttOHT^e.)»CHT/24*|l*)»OHT+l. 

IhfesiA^fssttajsarW'" 

PRINT 2O2,E)IOOB,OELF.BIF,0L2 
FORMATtlX,*EN3g0=*.F6.1,* ,OELF- ,F6.1, 

V ;RlNT F ic4tsVR&zJ^|;|6H M jFRQ^ 
FORHflTtlX,*SVRH2=*z.Ei2.R,* SHHX-*, E12.R* 

*?R?a? B 5;3:¥K«»ftS4 8K !*i5s6 G’« t < 

♦58SS»i«2lft5:*38^:?K5^» 

*IF?PHFILtIlt? 3^11 PAINT ill^tPHFTLT 

FORMAT UX,*PHFILT= *,£12.4) 

FORHATUl^LOG NORMAL SCINTItLATION*) 


[ fblS£ TABLES 


1 


.IF FILTER X-TPAHSRXM 


SHHN=*« E12. R, 




INITIALIZE LOCFS (T F2, E0. XI , XQ.Q'/, qe rrq , err) 

ISsl5? W?*ttSSJ aS!11*, 7X, *AF AL*, 8X , *ACO* , 10* , •KOATA.K* 

*,10X t »EV*,lCXi*|Vl*) 

PRINT^797, N ACO? AHISS, AF AL , ACQ »XOAT A ,ES, Etf » EV1 ||HE^EDl£& %LUES_ 


-wenTER ©OEEP Mer?T 



ORIGINAL PAGE IS 
VI -4 0F p OOR QUALITY 


000514 

000514 

000514 

000516 

DQ0521 

000530 

00054Q 

000543 

000547 

000556 

000557 

000563 

000566 

000570 

000571 

000575 


000603 
0 0 0612 
000617 
000626 
000634 
O0C636 
000640 
000641 
000644 
000656 
000662 
0QC7G 4 
000714 
000721 
0 00 726 
000727 
000732 
000733 

00C757 

000762 

000763 

000765 

000765 

000767 

000770 

000772 

000773 

000776 

301010 

001014 

001336 

001046 

001353 

001063 

001060 

001061 

001061 

001064 


797 

396 




c 

c 


501 


500 

502 


FORMAT (lX f I6f i£12 . 4 , I 6 T 35 1 2 • 4 ) 

CONTINUE 

MMP U?M0 :?£??«cn8p K 1 1 1 0 . .0 . I *CAHPU> = ( Q . , 0 . >' , 

CFILT 1 1 ) = ( 5 •» 5. ) TCFILT (21 = (5.(C.I$CFIUT{3> = C0.»C«> 

4PH=”cT/TflUPM»5r/TflU?H*/2T$BPK-Z. *OT/TftUPM R >c T Eg. 

CPH=-aPH*BPH-l« IOPH = -APH-0PM+Z. L T*SMCS1=eC=M 

EDOPRX=EDOP 
U=0 *SV = . 1$G1=1. 

TH2 -Q * f CTH 2 -1 .2STH2 = J. 

J=NSF2 

IDATA=-< 

fHl=a?i?HU=-!lTHil = 3^SOTHt=0?IOTHil=3.$OTH12=0. ©U> x/o a> UoPM PlLTES 

TURBULENCE INITIALIZATION 

SH5l?lltep-DTf T*f ?5K2 £iiTc"s*-cii»»3^ < Ama*0T ■ > 

5 4M43 A=DT*FLO AT ( IAHF) *4 AM P1!GA M43P= DT*FL CA^ ( . 

IFCSDAMF.FO# J • 1 GOTO 500 kUPLTTbtar SCfNTI»-CfcnohJ 

YA=G«SS2A=3* 

00 50 1 I=i j N4 3 UHE ihthau 

TG4 ( lI)=6&H4H/^8929 79511*Vft”.3333*EXPC-VAJ 

S i?-7f§i + iT5f 1^29*J2>/20 46 5J1=H00(J1,ZB48> 3JZ=M00 ( (1+1Z9*JZ> ,ZC48) 

RllFLCATUiiz048 + ji»/4194304.SFCfl(lLFR08(INTtlEO.*Rl)*l) 

YA=YA«-TGMI)*RCM I) _ lf . n . un 
S??A=SQRT(S2A) $YA=Y A/S22A*SDAHP 

Y A PO= Y A + l« 

IFCICLLN.NE.DGOTO 532 

YflPofi^YMi.».5*Y« (l.».3n»Y*ll.*.2S*YMl. + .Z*YMl. 

++ # 1667*Y ) ) ) ) ) 

IF(YA.LT.C.)YAPO=l. 7Y&P0 
G0T053 2 

Y APO= 1 m 
CONTINUE 
YAPCA=YAPO* A 
IF(SOPHA*EO*0 , ) G0T06 33 - 
YP=D. ?S2P=0* 

DO 601 I~1 » N43 
VP=FLC AT C I- 1) *GAH43P 


SC2JvTT\4lJ^c^ 


f=ii_u txrpzu-tJ/ 


601 


603 

602 


?SaSJiSK» 7 :! 3 S«wii-vp~.jM 3 W<-»''> 

S?2P=SCRT(S2P)SYpivP/S22P*S0PHA MoprMnuBG- 

G0T06C2 
YP = 0 • 

IAMPC=CSTPHAC=0TNN=N43-1 

KOATA^O 


VI-5 


001066 

C 

4 

0 010 66 
001075 
0 Q 110 0 
0 Q 110 3 

13 

001107 

0011C7 

C 

C 

10 

001110 

001111 

001113 

504 

001121 

001143 

001152 

001154 

001155 

535 

001162 
001164 
001166 
Q 01170 
001172 

001215 

001221 

001222 

503 

001224 

506 

001224 

031226 

001227 

C 

C 

11 

001230 

001231 

001233 

604 

001241 

DD1263 

001272 

001274 

001275 

60 5 

001302 
□01304 
00 130 5 

603 

Q013C6 

606 

001306 

12 

001306 

001311 

001311 

001312 

001315 

001317 

C 

c 

31 

001325 

001326 

301326 

001333 



INDEX SCINTILLATION 
CONTINUE r— : 


*T5^STt«W §Jtf4PL£_ 


STEP UHE. 


IF^SOAMP.llo.C »* AND. SOPH A*EQ.0 •) G0T012 

^mHFc^ralJn 1 S Gc I fo 6 i0 1 — moEx ^PUTUDauna 
If'iPhScIgT.IPHA) GC TO 11 -s — -INDEX VHASE LIME. 

GO TO 12 **- Liue. indgx Tier 'KEi&3ie. , ei> 

AMPLITUDE SCINTILLATION 

IF(SDAMF. EQ« 0 • ) GOT0503 
00 504 J J- 1 *NN . _ 

DO 505 JJ=1»M43 
YA=YA*T0M.j3>*RCACJJ) 

YA=YA/S22A*SDAHF 

IF { ICLLN^ NE «1 1GOT05 06 

G0TC5C6 

Y AP0-1 ♦ 

CONTINUE 

Y A POA=YAPO* A 
50 TO 13 

PHASE SCINTILLATION 
IPH AC-1 

IFtSOPMA*EO*v •) GOTOE j3 

00 60 4 JJ=1»NN STEP loU4& 

00 £05 JJ-1 iN43 
YP^YP + TGP<JJ)^C P(JJ) 

YP=YP/S22P*S0PHA 

GQT0606 
Y P-0 « 

CONTINUE 

IFCJ^ LT^NSPB) GO TO 1 

NEW SYMBOL 
J = 0 

1 M IRCC (1) •NE.IPCOtG)) 1X0 = 1 

IRCCa-IOTS) = fPCOC6-IOTSI 
IRC0(1)=IX0 
IOATA=IXO 



0TH1=SIGN( OTHt, FLOAT (10 AT A) ) >^oar<oN 
K0ATA = K0ATA4-l 


VI-6 


001335 

001335 

001342 


001342 
001346 
001354 
00136Q 
001362 
001364 
001372 
001376 
001401 
001404 
0014C5 
001410 
001415 
001421 
001421 
001423 
00 142*1 
001425 


001430 
001451 
0G 1460 
00147 4 
Q015C3 
Q 01515 
001530 
001545 
001553 
001555 
001555 
001565 
001577 
001612 
001627 
001535 
001637 
001637 


001641 

001660 

001722 

001724 

001730 


001736 

001740 

001745 

001753 

001757 


1 CONTINUE 

IFCABSCTHi) *r.T.Pl2)G0T01Qia 
1011 CONTINUE 


PRENOQULATTON FILTERING 
IF CFMFILT.GT.3. DG0T01D13 

0THl=CPM*0TH12+DPM*CTHll+APH*TH12+APM*THii 
0TH12=GTH11*0TH11=0TH1STH12=TH11STH11=TH1 
TH1=TH140TH1 
1014 OOTH1 =CTH1+YP 

IFCABS(OOTHl) •GT.PI2)OOTNl=AMOD(OOTHi t PI2) 
rTHl=INT(REHTX*A0S (OOTH1) +1.1 
STH1=ALSIN (ITHliTCTHl=ALCOS (ITH1) 
IFCCOTHl.LT.C .) STH1=-STM1 
GO TOIO 12 

1310 5HFTH=SlGN(PI2iTHl> 


- IUDE* oLb 


= I nx 1 

T H1=TH 1-5HFTH ITHll^THli -SHFTH $TH12=TH12-SHFTH 
0 TH1=0TH1“SPFTH^0TH ll=OTH 11-SHFTHSOTH 12- OT H 12-SHFTH 

GOTOIOU 

THl=THl+OTHt 5 

OTHl=THl J No FHCTC2L 


} 


air INDEX 


1013 

1012 AStHl=YAPOA*STHl$ACTHl=YAPOA»CTHl 


GOT01S14 


450 


451 


30 


KTB ncise 

11 = 125*11+ C It 125*12 1/20 49 315= 121*15+ (1*129*16) /2C 48 

11 = ^00(11,23481 $15= POD < 15 » 2048) 

12 = N0C ( (1+ 129*12) *2 048) $1 6=HOD ( (1+129*16) =2048) 

R1=FLC AT (1 1*2 048 + 12 1/41943 04* $NC=PRN0 <INT U 00 .*R11 +1) 
IF(Ri*GT..v33.AND.Rl.LT **997) G0T045C 

IFCP1.LT.. 003>NC=1. 3583*SGRTt -1. 5726-ALOG ( Rl+1* E-13 1 > _ 

I F CR1. GT. ■ 997 ) NC=-1 *3563* SORT (-1 . 5726-ALOG C 1.-P1+ 1. E-13) ) 

IFCABS(NC) .GT .4 .51 NC=SI GN (4 *5 , NO 

NC=SIG*NC 

CONTINUE 

Rl = FLOAT (15*204 6+161/4194 304. $NS=PRN0 Cl NT ( 100 . *R1) + II 
I FCR1.GT.. 053.ANO.R1.LT.. 997) GOT0451 

IF(R1« LT». G 33 1 NS= 1. 3583 *S ORT ( -1. 5726-ALOG ( Pl + 1. E-13) ) 

I F ( Ri . GT. . 997 I NS=-1 . 358 3* SORT (-1. 5726-A LOG C 1. -Pl+1. E-13) ) 

IF ( ABS (NS ) .GT .4 .51 NS=5IGN (4.5* NS) 

NS=SIG*NS 

CONTINUE 

J=J+1 

LOOP EQUATIONS „ 

CAHP ( 4 ) =CHPLX (ASTH1 4NC. -ACTH1-NS) *CHPLX (CTH2, -STHZ) *G1 - INPUT MUU1PUE& 
CFILT (4)=A1*(CAKP (4 1 +CAHP (1)1 +A2* (CAMPC 3> +CAHP(21 ) *7 
+ -B2*CFILT<3>-P3*CFILT(21-04*CFILT (1) / 

DO 30 IFILT=1 * 3 > IF 

CAHPC IF ILT) =CAHPCIFILT+11 ) 

CFILT(IFILT) = CFILTCIFILT+i) 


Race 


AGC 

IF ( J. NE.2E1 GOTO300D 
V=C6*V+C5*U3U=AIHAG (CFILT (4)> 
G 1=EXP (-AKAGC* ( ABS( Vi-AKEG) ) 
IF (Gl.GT. G1LIH) Gl=GlL«N 
3 Du 3 CONTINUE 


A.ee PiLTeie. 

Agc PKoceisrfe 

tWAMlC UMUKpoN 


VI-7 


001757 

301762 

001772 

001777 

0020C2 


002004 
0020C6 
002311 
002016 
002022 
002025 
002030 
0 Q 20 34 
032041 
002042 


002042 
002050 
002052 
Q02056 
002062 
002064 
0020G7 
002070 
002072 
002073 
302102 
002110 
002116 
302120 
002126 
302135 
002135 
002145 
002145 
002155 
002155 
002165 
002165 
002165 
□ 02170 
002175 
002175 
002200 
002205 
302205 
302211 
002211 
002212 


002212 

302214 


C 

C 


AFC 

E=REAL(CFILTC4n+ES _ ^ ^ 

E V=Cl’EV+C2*E-C3’EC ?EV3 -EVO-EDCPRX AFC FILTER! 

IF(EV«GT*EC0PRX+EPULL)G0T015Q 

IF(EV.GT.EVHAX) GOTO 1550 taS 


IF(V#LT*TL)G0T04G1 


►MAY&E. 




IF { EV . GT.EVMA X) OES^-OES 7 ZHbS3=£> S\&* CUT -o*T 

IF (EV#LT«EVHTN) DES=-0ES JL 

edoprxseoorpx+edopp 

TH2=TH2+C4*EV1 - vco 

IF(ABS(TH2) .GT.PI2) TH2= AM 00 CT H2 ,PI 2 ) 

I TH2= INT (REMTX’ABS l TH2) +1* 1 ^ 

STH2- ALSIN (TTH2 ) $CTH2=ALC0S (ITH2) 

IF (TH2#LT, 0. I STH2=— STH2 
EVQ=EVfED=E < 5EV10=EVl „ ^ 

IF(V.GT.TL)ES=ES+DES F3LMP 

GOT 04 — ViCX & 


401 CONTINUE 


402 


403 

404 
406 

405 
15 v 6 

1502 


15 3 3 
307 
1J4 

1503 

C 

C 




AJ4STUSC SHEEP’ 


no Tte silt- of 


HAY PE AN ACQUISITION _ „ 

IF tAQS (EOOPPX-EV) .GT.EPULL) G0TC15C 1 
ACQ- ACGFl 

A VEES = AVEES + ESISTDE 5=STD£ 5+ES *|S 
AVEEV = AVEEV*EVSSTOEV = STOEVi-EV’EV 
AKOL-AKOU+ FLOAT (KDATA) 

SKOU=SKOU+FLOAT{KOATA) ’FLOAT <KC AT* ; 

GQT0400 “7 

PACO=ACa/FLOAT(NACQT) 

IF t ACQ* EQ« 0*) GOTO 1504 ^ 

STOAQ = SQRTCPACa^Cl.-PACQ) /FLOAT {NACQDT 
A VEES-AVEES/ACQ SSTDES=SOR T (STOES/ ACQ-AVEES ’ AVEES) 
A VEEV- AVEE V/ACQ $STDEV=SGR T t ST DEV/ ACQ-AVEEV’A VEEV) 
A KOU= AKOU/ A CO 

S K 0 U=SQRT { SKOU/ ACO- AKOU *AK0U) 

PRINT 433, PACC,$TDAC 

FORMAT (IX, ’PA CQ=’ ,E 12* 4 , ¥ , STO£V = * , E12. 4) 

,S.DE 

ST0CW=*E12.*|1 

FORMAT(lxJ ’AVE’ KDATA^, E12. 4 t * *STO OEV=’,E12.4) 
CONTINUE 

PHISS = AHISS/FLCAT INACQT) 

PRINT 1 50 2, PM ISS ^ fl 

FORMAT UX, ’PR HISSED AC0=*,E12.4) 

PFAL= AFAL/FLO AT (NACCT) 

PRINT 150 3 ♦ PF AL t co fl 

FORMAT {IX, *PR FALSE ACQ=’,E12.4) 

PRINT 1C4 
FORMAT (1H1) 

GO TO 3 
CONTINUE 

HISSED ACQ 
AM ISS - AM ISS *1 • 

GOTC433 



VI-8 


002215 


$02215 

002217 

002220 


002225 

002225 


1501 CONTINUE 

C FALSE ACQ 

AFAL=AFAL+1 
GDT04G 0 

ISO 1 * PRINT 1505 
1S05 KjRHAT ClXf* 
GOT01506 
9999 CONTINUE 
END 


HO ACQUISITIONS** 


APPENDIX VII 

MISCELLANEOUS SUBROUTINES 

This appendix presents three subroutines which were found useful m trouble- 
shooting the receiver during the software development, but were not used in the 
production runs. 

The first is OSCILL which is an oscilloscope and plots three inputs. These 
are entered into the routine by lists. The routine automatically scales the 
output. 

The second is SURV which is a voltmeter. It gives the mean and standard 
deviation of the input, as well as the mean and standard deviation of the absolute 
value of the input. 

The third is CHMEM. This was used early in the analysis when there was one 
conditional probability matrix which was the position by position summation of 
all four of the matrices of this report, i.e., just P(B/A). It generates infor- 
mation to determine the skew of the matrix. 

} A subroutine, used to cut the magnetic tapes, which is not include, s arein 

is BUFFLT. This is a bit manipulation routine to transfer the 60 bit w .s of 
the CDC 6600 to the ARC magnetic tape format. The subroutine is peculiar to the 
Kronos 2.0 operating system, and is very system oriented, e.g., it is not 
compatible with the Kronous 2.1. The call statement has 5 arguments: a) 

identifier of particular tape number, b) read/write/rewind/end-of-file command, 
c) first and d) last word to be written and e) a number from the subroutine 
indicating the record number. 




VII-1 



C 

SUBROUTINE OSCILL(LLL,X,Y,Z) 
XYZ PLOTTED VS ILL 

mnriraT 


DIMENSION OUT {66) , X (90 ) ,Y (90) ,2(90) 

0 0 0 007 


OflTA BLANK, STAR, XX, YY , 22, AZ/ 



♦TIT"; IP* , 1PX,1HY, 1H2 ,iHO/ 

GOO 007 


L=LLL-1 


C 

1 ST MAX+NIN 

300010 


XMAX=-1.E10 

OTFfffli 2" 


XMIN=1.£1G 

3 00014 


DO 10 1=1, L 

T0TTDT5"' 


rF(2(I) .GT.XMAX) XMAX=2 (I) 

000022 


IF(Y(I) .GT.XMAX) XM AX=Y (I) 

OOOG27 


IF(Z(I) .LT.XMIN) XMIN=2 (I) 

0 0 0 034 


IF(Y(I) .LT.XMIN) XMIN=Y (I) 

0 C 0041 


IF(X(I) .GT.XMAX) XMAX=X (I) 

000046 

10 

IF(X(I). LT.XMIN) XMIN=X(I) 

OOOOWb 


" SLC=65;/(XHAX-XHTN>" 

0 0 0 060 


9 =-65 «*XM AX/( XH AY-XMIN) +66. 


c 

THEN SCALE 

000064 


XINT= (XMAX-XMIN) /65 . 

000067 


PRINT 99 > XMAY ,XMIN, XINT 

CGfllOl 

_99_ 

FORMAT (1X,*MAX= *,Gi4.6,* MIN= *,G14.6, 



“♦▼*TWT= *, G14.6) 

OOulOl 


IF(XMAX.GT,0* . ANO.XMIN .LT • Q • ) IYZ=INT (B) 

000114 


STEE p =0 • 

000115 

24 

00 20 1=1,66 

000117 

20 

HUT (I ) = STAR 

000123 


IF ( XM A X.GT.O.. AND.XMIN.LT. 0.) 0UT(IY2)=AZ 

DTT0TT4 


TFrSTEER . EC .1 .) GO TO 25 

000136 


OUT (INT (SLO*X (l)+8) )-XX 

000144 


OUT (INT (SLO*Y (1) +B) )=YY 

QG0150 


OUT (INT(SLC*Z(i)+B) )=ZZ 

oinii 1 ^ 


LL = 1 

000155 


PRINT 22, LL ,OUT 

TJirO‘lF5 

22" 

"FORHAT (IX, 13, 66A1) 

300164 


LENC=L-1 

000166 


DO 23 LL=2,LENC 

0 0 01*2 


HO 28 1=1,66 

OOOT^J 

28 

OUT (I)=9LANK 

000177 


OUT(l)=STAR 

UW200 


— OUT (6 6 T = STR R 

10023 0 


IF (XMAX.GT.O. .AND.XMIN.IT. 0.) OUT (IYZ)=ST AR 

000212 


OUT (INT (SLO+X (LL) +B)) = XX 

000221 


OUT (INT (SLO*Y (LL)+B))=YY 

C0023U 


OUT (INT (SLC*2 (LL)+B)) = ZZ 

000237 

23 

PRINT 22, LL »OUT 

0 0 o 2 d d 


STEER=i • 

000255 


GO TO 24 

000 25^ 

25 

OUT(INT(SLO*X(L) +B) )=XX 

000264 


OUT (INT (SLO*Y (L)+B) )=YY 

0002TT 


OUT (INT (SLO+Z (L)+B) )=ZZ 

0G030 2 


PRINT 22, L, OUT 

"""'"Hi’te'T i m'ki’ " ’ 


return 


0 GQ212 END 
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SUBROUTINE SURV (CX, V, VS) 

01 PENSION VS (6) 

IF ( CX «EQ • 1 •) GO TO 1 
VS(1)=VS(1)+1. 

VS ( 2) = VS C 2) +V 
VS (4) =VS (4) +A5S (V) 
VS<6)=VS(6)+V*V 
GO TO 2 
CONTINUE 

IF(VSCl) .EO.O.)GOTn3 
VS(2)=VS(2)/VS(1) 
VS(4)=VS{4)^VS(1) 
DUM=VS<6)/VS<1)-VS(2)*VS<2) 
IFfOUf.LT.O.) GCT04 

VS(3)=SQRT(0UM) 

DUM=VS<6)/VS<1)-VS(4)*VS(4) 

IFtnUf.ET.OOGOTOS 

VS (5) = SQRT (DUM) 

PRINT 20, VS 
FORMAT (6E12.4) 

RETURN 
PRINT 10 

FORWAT(lX,*msSED C CUNT* ) 

RETURN 

PRINT 11 

FORMAT (1X,*SQRT PBLM 1*) 

RETURN 

PRINT 12 

FORMAT II X, ’SORT PBLM 2*1 

RETURN 

END 
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DO IQ 1=1,4 
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ALR=AlR+SE<9-I,9-J) 
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"2TT 

s=s+v*v 

000063 

10 

CONTINUE 

000055 


A=A/16. 

300067 


S=SPR7(S/16.-A*A) 

000071* 


PRINT 30, A, S 

3 0 0103 

30 

F0RNAT(1X,*M+SD MEMORY *,2E12.4) 
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PRINT 21, AUL» AUR> ALL, ALR 

000117 

31 

FORMAT (IX,-* BY QUA DR ENTS*, 2E12.4*/,13X, 2E12.4) 

0 C 0 117 


RETURN 
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PMFILT = .3, DELF = 44 
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PMFILT = .3, DELF = 88 
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AFC Bandwidth Parametric (continued) 

BL2= 176, DELF = 62, PMFILT = .7 
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323 
352 

BL2 = 176, DELF = 88, PMFILT = .5 
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323 
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Dynamic Range Parametric 

DYNR = 0, No Scintillation 
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20 

DYNR = 0, Gaussian Scintillation 
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TAU3 Parametric 
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.75 52 

i 63 
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FB1AU6 = .75, FQDPRT =5.4 

10.8 

21.6 

Baseline Filter Parametric 
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1* 7461E+ 01 
3.7186E+0O 
1.7461E+01 
1*70 77E+ 00 
2*37 81E+ QQ 
2*0429€+0Q 
1. 3 374E + 00 
2.3701E+Q0 
7*0220 E- 01 
1.U758E+01 
6.7354E+00 
1.0374E+ 00 


2* 114SE+ 01 
5*7|??E+P0 


1. 3726E + Q 0 
1# 20 98E+ 01 
1*0374E+D0 


-9.7535E-01 
E* 7897E-01 
1* 8369E+Q0 
1.5807E+01 
3* 5117E+ OE 
1*57Q8&+0I 
3*1474E— 01 
1 * 3313E+ Cl 
7 • 1316E+ 01 
2*flC52E+0l 
-1*3949E+0I 
3.4530E-0 
2*6434E4’0 
1*55 87E+Q 
-4.9331E-0 
1.2234E+C 
0*7228E-O 
-9*9136E-fl 
-1.0710E+0 
1* 54 B9E + 0 
-7.6389E-0 
7*69 37E- 0 
6.1221E+0 
8*06 AGE-0 
2.9877E-0 
1.1606E+0 
2*llB4E+0 
-I.1937E+0 
5.45Q7E+D 
9* 0560E- 0 




VIII-109 


f •• *, 



END 03 = 7.0 ,OELF= 62.0 , 0 IF= 1500 

? 2fl0QE+0^ SWH X~ 2*5000E403 SHHN 

TL= H - 8 . 0000 E +00 ” «H= X 6 .flDOOE*OOSOflHP= 

HN= 277.2 .K= J 68.6 .TAU 1 = 1 . 6127 E -01 
PMFILT= 7*00 OGE -01 
LOG NORMAL SCINTILLATION 

i.A A A 1 ki T C C* flt A I 


294 


2*3 00 0 E-S 1*?DPH A= 


v T AU2 = 5*02i3E-03 


^ QOP i.7U§^8? +#3 


fqoprts t.oaooE*fli 


NACQt AMISS 
1 0. 
2 

3 

4 

5 
b 
7 
0 


0 < 

0. 

0 • 

0. 

0. 

0. 

0. 


10 

11 

12 

13 

14 

15 

16 
17 
IS 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


0. 

0. 

0. 

0. 


0. 
3 • 
a. 
o. 
0 • 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
Q • 


afal acg 

l.OOOQE+OC 0. 
2 • 0 Q DOE +00 0 . 

3 • GQOOE ♦OO 0< 
4.0GQOE+30 0. 


KO AT A t 

12 


t:88S8HB8 1:88881188 


5.000GEVOO 
b.COOOE^OO 
7. OOOOEfOO 

a. coacEfOo 

8* OQOOE+OQ 

b. cocoe+og 

8.0000E*00 
8. CBQDE+GO 
8.000CE400 
8.CGOGE+OQ 
8.0000E+00 

8. COSOE+OO 

9. QOOOE+OQ 
9. OOOOE+QO 
9.QOQQE+00 
1. OQOOE+Ol 
1. 00 OOE + Ol 
1. 10 0 OE >01 
1.20 00E+Q1 
1.30D0E+Q1 
1.40 OGE+Oi 
1.5000E*01 
1. EODOE+D1 
1* 7000E+G1 


2.0 OOGE+OG 
2. OOOOEFOO 

2. OOOGE*QO 
2.0 OOOE + 00 

3. QOQOE+OO 

4.0 OOOE+GQ 

7.0000E+00 
8.0QG0E +00 

9.0 OOQE *00 

1.0 0 OOE + Ol 
1.00 QOE + Ql 
1 .1 0 OOE+Ol 
1*2O0OE+O1 

1 . 2 G OOE *01 
1 *3 QGOE + 01 

1.3 0 COE +01 
1.3 OCOE+Ol 
1.3 OQQE+O 1 
1.3GOOE+01 
1.30 OOE + Ol 
1.3000E+01 
1 .3Q00E *01 


♦ERROR* || nSED 0Y SORT 

pacg= 


negative argument 


9 

28 

65 

33 

58 

5 

12 

13 

It 

\% 

58 

37 
48 
55 
31 

38 
46 
45 
57 

39 

15 
4 
7 

16 
4 

20 


AT 


2215 ( 

iiiii 

2.7357E+00 
IIIII 


2114) 


MnOATU^KIliifcSiriSTD OEV='-0.1618E^OO 

PR mJsseo aco= e o. _ 

PR FALSE ACO= 5.6667E-01 


2*71 33E+0Q 
9 * 08 i7E* 00 

v.mnxn 

3. 7188 E+00 
4 * 05 4Qt*0 0 
1.9472E+01 
1.4780E+01 

k:vm\\ 

1.91 37E+01 
1*20 98E+01 
1.5785E+01 
1*81 31E+ 0 1 
1.00 87E+Q1 
1 . 2433E+01 
1.5115E+0I 
1* 47 80 E+0 1 
1*S802E+01 
1.2769E+D1 
4.7243E+00 
1.0374E+00 
2.G429E+00 
5*05 95E+ QO 
1. 03 74F+0 0 
6.4002E+00 


'i:l?4lltS8 

-1.1892E400 
5.8 266F + QQ 
1. 3206E+01 
7.2952E+00 

-MVfcft 

1« 2708E+01 
1. 33 71E + 01 
1.4782E+Q1 
1. Z621E+01 
1.3069E+Q1 
1.0616E401 
1.2961E+01 
1.3022E4O1 
6.6916E+00 
8* 6354E + 0 Q 
1* 3628E + 01 
5*97696+00 
1.2334E+S1 
7.43h*E*00 

i-Aini'M 


EV 


-1:12 fiI*Si 

3.4293E-01 
—1.44 Q5E+01 
-1.34|3E+0i 
-8.8427E*aO 
-8.34 00E-Q1 
9.40 10E-03 
1.2022E+00 
-7. 36 S2E-01 
-5.2241E-01 
-2.7960E* OO 
-7.02401-01 
-1.0317|40g 
-7.1486E*00 
-5.07 43E»00 
4.4744E-01 
-7.3191E+00 
-7.657DE-01 
-5. 7758E+00 
-1.22E9|t01 
-1.2226E+01 


EV1 


4.3947E-01 
3.67G1E+00 


-1.30 37E+01 
~9*5236E+00 


fnl nR- 7 4 n * OELF= 62*0 #BIF = 15 (I C *BL2— 294 

SYPHZ- 2.2000E+03 SWHX= 2.5000E+Q3 |WHH= 6«?|B 
TL= -9.5000E+00 DYNR* 6, OOOOE+O OSO AHP= „2*3000f- 


HN= 277*2 ,K= 
PHF ILT = 


,*= «*§8.6 ,Ta5i= 1.6127E-01 , TAU2 = 
7.OQ00E-C1 


!81*i2pHf2 DP i.ri68|2gf +03 F0DPRT “ lm 

0213E-Q3 


rrriLi- j 

LOG KORMAL SCINTILLATION 
NACQ*AHISS 5Fa L 

18 


3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 
16 
19 
2G 
21 
22 

23 

24 

25 

26 
27 
26 

29 

30 


0. 


ACQ 

1 : 88881:88 

1 : 88881:88 

3*GGGCE+00 

4* caoQL+oo 

4*C0QCE+QO 
4 . OOOOE+OO 

5 : 88881 ® 

5*ooooe+oa 

5*flOOO£*OC 
b* SOflOE+OO 
6 • GGOOE+OQ 
7*00 OflE+OO 
6*00 QQE*GG 
9* 00 Q0E+00 
9* Ofl DDE+00 
1*00006+01 
1*10 OOE+Ol 
1.100QE+Q1 
1 . IQOuE+01 
1 • lGQOE+Qi 
1.2000E+01 
1.3000E+01 
1 . 3 Q O0E + G1 
1*40 00E+01 
1 * 50 OGE +01 
i. eoooE+oi 
i* eoooE+Qi 


1*OOQOE+QO 
? *00 GOE + DO 
2*OOOOE*00 

I:88881t88 

3 *0 O0OE+OO 
4* G 0 QOE + OO 
5*Q0fl0E+00 
6.00GQE*Qfl 

6 • 0 G QOE+OO 

7 *0 0006 + 03 
7*0 0 Q0E + 00 
e.GOQOEtnD 
8*0 GOQE+OG 
8*OOOOE+O0 
6*0 0 ODE *00 
9.DQOOE4-00 
9*8 0 COE+QO 
9.00C0E+00 
l.OOCOE+Gl 
1*1 G GOE + fli 
1*20 flOE+Ql 
1.2Q00E+G1 
i*2000E+01 
1*30 C06 + Q1 
1 *3 G00E + 01 
1 « 3 000E + 01 
I.3000E+01 
1.400QE+01 


<D AT A i 

II 

it 

57 

tt 
60 
14 
60 

13 
54 
16 

14 
17 

45 
11 

7 

46 
52 
59 
16 
37 
43 
30 
20 
27 
52 


PACO= 

AVEES- 

AVEEV= 


21141 


•ERROR* 39 NEGATIVE ARGUHEM 

6 SENSEO BY SORT 

CALLED BY CHAS AT 2|I5 

WPrBAT^^IlIIShfjS^lTO OEV» II 7«I<» < *0 £+00 

A? F6l!!°ACO= 5? 3333E-0 1 


3.3836E4-g0 
2« OB 13c*Ul 
2 *3494E+01 
7*40 59E + G0 

i.08O2E+Ol 
1*5450 E+ 01 
2 *i6i6E+Di 
1.98076*01 
4.3892E+00 
1.9607E+01 
4* 05 4QE* 00 
1* 77 96E+01 
5 *05 956+ 00 
4 • 30 92 E+ 00 
5.3947E+0D 
1*47 BQE+Di 
3*3836E+D0 
2.0429EVOO 
1 *57 85 E+ 01 
1.7126E+01 
i« 9472E+Q1 
5*Q595E*00 
1* 20 98E+G1 

S:H!3i;»i 

6*40026+00 
0.7465E+OO 
1* 7126E+01 


ES EV 

wan* 3 : * 

-1.09266+01 
-2*0136E-O1 
-1* 5647E+0Q 
2.S479E-01 


*l:88^i;8o 

1 * 3553E+01 
1 * 1940E+ 01 
1.3566E+0I 
1*35006+01 
1.6994E+00 
1.2698E+01 
1* 3728E+ 00 
1* 3993E+ 01 
2* 6429E+00 
2*61466+00 
9* 9361E- 01 
1.2150E+01 
— 5* 6066E—01 
l*9a09E+00 
1* 1493E+01 
1.5217E+D1 
1.4207E+B1 
2.0215E+00 
7.3609E+00 
1* 2Q51E+ Qi 
3.49Q7E+00 
2*0 9966-02 
5* 6I80E+ 00 
1* 4Q77E+01 


-6.17G1E-Q1 
-i« 2212E+01 
3* 35 156-01 
-1*06B1E+Oi 
—1*02 OOE* 01 
-1* 2315E+ Ql 
-1.2673E+0a 
—1*41 46E+01 
—1*12 57E + 01 
-i*8136E+ag 
2*04566+00 
6*6317£— 81 
-1.1116E+01 
-5*66266+00 
-i.7347E+gg 
-9*66416+00 
-1.3602E+D1 
-7.76d7E+00 
6.8B7BE-D1 


68B0E+O1 

EV1 


ENG09= 7*Q *OELF- 6 

whin- 2 1'w&mi’ 1 

wgc^sm scimt1 ^k i 


AUl* l*61Z7e-01 .TAU2= 5.0213E-03 


FGOPRT= 1* 


CN 


C . 
0 * 

0 . 
Q. 


0. 


1 

2 

3 

4 

5 

6 
7 
9 

Q 

id 

11 D . 

12 0 # 

13 0 • 

1 * 0 * 

15 0. 

16 0 . 

17 0. 

IS 0 • 
19 fl. 
25 0. 

21 0. 
22 0. 

23 0. 

24 0 ■ 

25 0, 

26 0. 

27 5* 

26 0 . 

29 0. 

30 D . 


1* 

1 • 
1* 
2* 

5: 

4. 

5. 

6 . 
7 « 
7 « 

7 « 
6 * 

8 • 
8. 
8. 
a. 

S a. 

9* 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1* 

1. 

1« 

la 


ACQ 


IftM i 


<0 AT A, 


OQOOE+OQ 

GOOOE+OO 

coqoE+QO 

09 SOE*QO 
0 0 Q0E ♦OO 
00 OQE + OG 
0 tj QQE <-00 
C 0 GGE *90 
OOQOEfrQO 

ooaoe * 3 G 
OOGOE+OQ 
DQOOE^OO 
00 OOE + OO 
CDG0E+30 
QQOOE+QO 
GQGOE+OD 
00 OOE+OO 
OOOOE+Ol 
10GGE«-G1 

1 0 QQE+Qi 
2000E+01 
200 QE *01 
20G0E+G1 

:8888!!Si 

. 50 OOE+0 1 
5000E+01 
eaooEtoi 


^. OOCOE^OO 
2.0000E+00 
2.0 D DOE + 00 

2.0 000 E *00 
3.0000E+00 
3*aCGOE*GO 

3.00 COE *00 
3.QGCQE + GQ 

3 .0 OOQE >00 
4*0 Q CGE + QO 
5,OOO0E*OO 

7.0000E+00 

9 .0 0 OOE + OO 
g.OOOOE+OO 
1*0 0 CQE ♦ 01 

1.0 00GE+01 
1# 0 Q CQE > 01 
1*0 OOQE *01 

i:i! 88 i: 8 i 

1.2030E*01 

1.3000E*01 

i:! 888 §: 8 i 

1.4000E+01 


♦ERROR* 39 


SENSE 0 BY SORT 
CALLEO BY CflAS 


NEGATIVE ARGUMENT 


1 


71 

30 

10 

£2 

7 

12 

13 

22 

69 

55 

IS 


AT 


PACG= 4.6667E-Q1 t STDEV= 

AVEES^ 1.9065E+01 *STOES— 

AvII3= 1.2753 E+0 1 STDEV= 

AVE <OATA= 5* 7786E + 01 * STD OEV= 
PR HISSEO ACQ= 0. 

PR FALSE ACO- 5*3333E-01 


2114) 


2215 ( 

mn 

17 0 IE ♦ 00 
IH 7 I 

9 * 4580 Et 00 


•miim 


ES 

- 2 


- -4.2105£-gl 


=1:11111-81 


ii i 


46 

60 

56 

38 

10 

37 

3l 

48 

10 

56 

73 

6 

16 


17 


3*04 84E+00 
2*D478E*01 
2*0429E* GO 
3.7188E+00 
4 . 05 40 E+ 00 
7.07E6E+00 
2 • 2824E+ 01 
< • B1 31E+ 0 1 
* 72 43E+00 
• 7126E+01 
** 5115E+01 
1 * 98Q7E*01 
1.9137E+Q1 
1.2433E+01 
3.0484E+00 
1.20 95E+01 
1*00 67E+0 1 
1.57 65£*01 
3.0484E+00 
1, B467E+01 
2.4165E+01 
1.70 77E + 0Q 
5.7299E+00 
6 .40 Q2E* 00 
1.9137E+C1 
5. 3947E+Q0 


zl:m 0A ' 0A 


1.3465E*0l 
1* 8434E + 00 
3.8016E-Q1 
2 . 6219E+ 00 
3 * 39606^00 
1.4207E+ 01 
1* 4559E + 01 
2* 20 O6E + 00 
1.3286E+01 
8.5832E+00 
1.2392E+01 
1 • 3448E + 01 
9.6341E+00 
1* 5524E + 00 
6.3216E+00 
6.4801E+QO 
1.2382E*Ct 
2 * 053 8 E " 2 i 
1. 3781E+G 1 
1.3974E+01 

-!:888§:I8 

8:88118288 

8. 1111E-QI 


128E+00 

-i.i<>68E*01 

-i.28«2E+01 

- l . OofBE+Oi 

-9.9<*<§7E*00 

6.7129E-Q1 

1.0129E+00 

- 1 . 12 E 8£*01 

6.<i819E-02 

-5.02076*00 
-1.140SE*0Q 
7.012^1-5? 
- 3 . 88181*00 
-1.21 59E*01 
-7.0102£*00 

:!:’?S8!tS! 

-1.32 806*01 

8:88388:88 

:l:!!Slim 

•1*04 41E+01 
-6.8342E-02 
-1.25596*01 


0600E+D1 

EV1 


l 


/? ^ 



ZLL-IIIA 


SVRHZ= 2 I|ooSe*03 = SHMX;° I®5000E+03°S&Hh| = 6.!|eOE+03 FROOP* 
Tt= -1 .30 QOE+ 01 DYNR= 6. Q DC 0E+ 0 CSOAHP= 2.|OOGE-Ol SDPHA- 4« 
HN= 277.2 ,K= 468.6 *TAU1= 1.G127E-01 *TAU2= 5.D213E-Q3 

phfili»_ **ao«f : pi 


i.GOOBE+OS FQOPRTs l*t8tlE+fl 
70008-01 


log normal Scintillation 


NACQ, AMISS 
1 0 
2 0 
3 0 


AOQ 

0 


AFAL 

1 . 0 DO 06* 00 
l.OOaOE+QD 
l.GGOOE+GD 
1 .OOC 0E+ CD 
l.OOGOEf-OO 
1.30036+00 
1.0000E+00 
2,00006+30 

3. QQOOE+OG 
3.30DOE+00 
3,00006+00 

3.0 00 06+ 00 
4.0000E+00 
4.00C0E+0Q 
4.00006+00 

4. G00QE+G0 
4.00C0E+D0 

4.0 00 3E+ 00 
4 .000 06+ 00 
4,00006+00 
4.0000E+00 
4 « 000 0E+ Qfl 
5.00006+00 
5,00006+00 
5.0000E+00 
5.3000E+00 
5.000QE+00 
5.3000E+0a 
5,00006+ 00 

x.uuuub^ww 5.0000E+00 
&to0006-Gl *STOEV= 7.3030E-02 
1.8397E+C1 tSTOES^ 2.4630E+00 
1. 3802E+0 1 5 tOEV= 8.8691E-01 
StfE KOATA= 5. 5792E+ 01 »STO OEV= 7.34 04E+OQ 
PR MISSED ACQ= 3.3333E-02 
PR FALSE ACQ= 1.6667E-01 


4 

5 

6 

7 

8 
9 

13 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

PACQ= 

AVEES= 

AVEEV- 


1.00 0 0E+ 0 0 
1.0000E+QO 

1.000 06+ 3 0 

1. 00 COE + GO 
1.0J300E+00 
1.00006+00 
1.0000E+ GO 

1. D 0 0 06+ u 0 
1.0000E+QC 
1,00006+00 
1. QQ 006+ 00 
1.00006+00 

1.00 0 0E + 00 
l.OOQOE+OO 
l.OOOOE+OQ 
1.000QE+00 

1.00 OOE+OO 
i.OOOOE+CO 
l.OOOOE+OQ 
l.OOQOE+OO 
l.OOQOE+OO 
l.OOOQE+CO 
1,000 QE+OQ 
l.OODOE+UO 


1.00DQ6+00 

2.00006+00 

3. 0000 E+ 00 

4. 000 0 E + 00 

5. QQ0QE+QQ 
5. 000QE+ 0 0 
5.0300E+00 
5.00006+00 

6. OOOOE+ag 

7 .000 0 E+ OS 
8. G000E+0G 
6. 0000 6+ 0 Q 
9.00006+00 
1. 00Q0E+ 01 
1. 1000 E+ 01 
1.20QOE+01 
1. 300 06+ Q1 
1.40006+01 
1.5000E+01 
1.6Q00E+01 
1 ■ 7 ODD E+ 01 
1. 7000E+ 01 

1. BOCOE+Ol 
1.9000E+01 

2. GQQQE+01 
2.1003E+01 
2 . 2000 E+ 01 
2. 3000E+0 1 
2. 40Q0E + Q1 


KOATA.ES _ M 
11 3.3836E+00 

2.QB13E+01 
2.S505E+01 
1. 8467E+ 01 
1.4109E+Q1 
2.0478E+0I 
2.20 90E+01 
9.4168E+Q0 
2.7133E+00 
1.6120E+D1 
1.84676+01 
1,88026+01 
6.73 54E+ 00 
1.9137E+ 01 
1. 77966+01 
1.7461E+01 
1. 6791E+01 
1.9137 E+ 01 
1.67916+01 


63 
77 
56 
43 
62 
66 
29 

9 

49 

56 

57 
21 

58 

54 
53 
51 

56 
51 
46 

64 
5a 
23 

57 
45 

55 
68 

50 
53 
55 


2.1148E+ ol 
1.9137E+01 
7.4058E+00 
1.6802E+01 
1.4780E+01 
1.8131E+Q1 
2.2489E+01 
1. 6456E+ 01 
1, 74 61E+01 
1.8131E+01 


EV 

■2.11486+00 

heifftai 

1.4393E+01 
1.3971E+01 
1. 1975E+ 01 
1*84986+01 
3.3530E+Q0 
-1. 01Q6E+CQ 
1 *47626+ 01 
1.34546+01 
1. 4651E+ 01 
1 . 3836E+ 00 
1. 46Q9E+ 01 
1.49916+01 
1 . 29 06E+O1 
1. 38046+01 
1* 3869E+ 01 
1. 42556+01 

1.3178E+ 01 
4. 93876+ GO 
1.26926+01 
1.3189E+01 
1. 37 39E+01 
1.5774E+01 
1.2059E+01 
1.3790E+01 
1.48 26E+01 


EV1 

-1.54726+01 
-6.454QE-01 
4.0732E-01 
1, G641E+00 
3.1966E-01 
-1. 3597E+D0 
4.6627E+O0 
-1.00C1E+C1 
-1.42856+01 
1*24776+00 
-5.26146-02 
1.2432E+00 
-1.2158E+01 
6.83596-01 
1.4041E+00 
-6.6347E-01 
8.4Q92E— 02 
5.0986E-Q1 
5.6529E— 01 

i:5§7 2 §l:8i 

-5* 3741E-01 
-8.79176+00 
-3.2376E-01 
-4.4Q24E-01 
1.66D9E-Q1 
2.2564E+D9 
-1.565QE+0D 
2.3759E-Q1 
1. 1555E+uQ 


VIII-113 


x :,r* ' - 


lvRMZ= 2 ^Ioo6e* 03 = S«KX= C ^5pOEio|“s6«H|* 
LOG^NORHftL SCIN?XtLflIipN 


294 

6.S560E+03 FROOP= 
a 00 E -01 SOPrtA= 4. 
= 5.0213E-0 3 


1.0009E+03 FQDPRT= 1.0800E*Q1 
7000E-01 


- >«<?* 


JO HU rvnr^ t *jv 

NACQ vAHXSS 
1 0* 


ACQ 


AFAL 

1*00002+ 00 
1.000QE+ 00 
Z.OOC G2+ 00 

2. caooE+aa 
3 .oogoe+oo 

3. GQ0QE+0g 
3.00G0E+ 00 
4*0000 E+ 00 
5.0Q00E+ 00 
6* DDQ2E+ 90 
6*00002+00 
6 ♦ 3000E* 00 
6.0000 E+ 00 
7 .G QC3E+ 00 
7.00002+00 

7 • u ao QE^ go 
7 .000 0 E+ 0 9 

7.000 JE+00 
7 .OOOQE+OO 
7. G0C 06+ 00 

7. G0G0E+00 
B.OOOQE+3J 
0.GOOOE+OO 
a.QDooE+ao 
a.ooooE+oo 

3.0 Ot GE+00 

8. GOOOE+ OO 
9.00GQE*03 
9.000QE+00 

„ . M „ w 9 . a 0C UE+ GO - - ™ 

erooocE-Si »STDEV= B ^443|«0| 

$?oe“ = xfsffliar „ „ 

AvFkOATA= 5.d273E+Ci .STD OEV= 6*5Q47E+G0 

PR HISSED ACQ- 1 *?S29 E n? 1 
PR FALSE ACQ- 3.0GQCE-01 


2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
29 
3G 

PACQ= 
AtfEES= 
A VEEV= 


0 
0 
0. 

0* 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1.0000000 

1.00 00E+ & 0 
l.OOOOE+QO 
l.OOOOEf GO 

1. GOooe+ao 

2 • QO Q0E+- GO 
2.0000E+00 

2.00 0 36+00 
2* 0000E+ Q 0 

2. DO GQE+ Cfl 
2.GQOOE+O0 
2.00 GQE+GO 
2.000GE+G0 
2.003QE+CQ 
2*00002+00 
2.0DDDE+00 
3.0000E+GJ 
3.0000E+ QG 


1* OOQOE+OO 

l.ooaae+oo 
2.0000 E* 00 
2. OQOQE+ 00 

3. aaoo£+oo 
4. OOOOEfOO 

4. CODOE* JO 
4. 00G0E+00 
4. C0QQE+3D 
5.0000E+00 
6 . 00002*00 
6. Q0GQE+ 00 

6. uOOQEt 00 

7. QOOOE+OO 
b. coooE+og 
9. QQQOE*00 
9. oaoQE+ag 
i.aoooE+oi 

1. lOCQE+Ol 
1. 2000E+01 
1. 20QQE+ 01 
1.3000E+01 
1. 4000E* 01 
1. 500 EE* Ui 
1. 63CGE*01 
1.7000 E+fl 1 
1.70GQE+01 
1.7OQ0E+01 
1. 803 3E* 31 


KOATAi 
12 


56 

7 
72 
22 
68 

56 
23 
14 

8 

52 

49 

53 
14 
58 
60 
58 
67 
61 
55 

57 
39 
69 
S3 
60 

50 
48 
35 
73 
55 


3. 71 88E+0 0 

1.9137E+01 

2*04296+00 

2.383QE+01 

7. G706E+00 

2.24092+01 

1, 8467E+Q1 

7.4C5BE+00 

4.3892E+Q0 

2.37B1E+00 

i*7126E+0i 

1.6120E+01 

1. 7649E+ 01 

4.3892E+00 

1*91 37E+01 

1.96G7E+01 

1.9137E+01 

2*2388E+ 01 

2.01436+01 

l,0131E+gi 
1. 8802E + 0 1 
1.2769E+Q1 
2. 2824E+01 
2.0813E + 01 
1.9807E+01 
1.6456E+Q1 
1*57856+ 01 
1* 1428E+0 1 
2.4429E+01 
1. 8131E+ 01 


EV 

6.6165E-01 
1.3035E+01 
-5 1 97 016- 01 
i. 2406E+01 
4.06Q6E+00 
I* 37 QGE + 01 
1.1926E+C1 
2.49 66E+ OD 
1.2623E+00 
2 • 5836E+ 00 
1.4268E+01 
1.2B44E+01 
1*84296+01 
3.6417E+Q0 
1*06976+01 
1. 3826E+ 01 
1.5Q95E+G1 
1.8471E+Q1 
1.Z859E+01 
1.3387E+C1 
1.2844E+D1 
5 *53466+ OQ 
1. 47 o6E+01 
1.3B40E+01 
1.4344E+01 
1.2691E+01 
1*29 61E+ 01 
5.2000E+00 
1*86 05E+Q1 
1. 4525E+01 


EV1 

— 1* 2845E +0 1 
-2.C354E-Q1 
-1.4906E+01 
-5.8074E-01 
-9.41BBE+00 
1. 1051E-Q1 
-1.4825E+00 
-1.0B64E+01 
-1.2345E+Q1 
-i* Q958E+01 
5.5531E-01 
-6. 8966E-01 
4* 87676+00 
-9.9392E+50 
— 2.9562E+00 
2*5011E-Q1 
1. 3728E+00 
4.5D61E+OQ 
-4.7245E-01 
1* 23862*0 1 
-5.1298E-01 
-7.9227E+00 
8.5493E-01 
5* 2614E-01 
9.Q731E-01 
-6.3028E-01 
-4.3463E-01 
-8* 2884E+OQ 
4.7157E+00 
9.2935E*01 



FNBOB= 7»0 « DELF= 62.0 .BIF = 1500 *BL2“ 
SVRHZ= 2.20G&E+03 SWHX= 2.5Q90E+03 ShHN- 
TL= -1 .7 0 0QE + 01 OYNR= 6. 0 3 & 0E+ C CS DAMP= 2.3 
HN= 277.2 468.6 ,TAU1= 1.6127E-01 ,TAU2 

PMFILT= 7.00Q0E-01 
LOG NORMAL SCINTILLATION 


294 

6.5500£*03 FRQOP- 
COOE-fll SDPH A= 4, 
= 5.G213E-0 3 


1*0 OOOE+03 FQOPRT- 1* 
7000E-01 


0 . 


AFAL ACQ KDATA, 

1.000 0E+ 00 0. 12 

1.0003E+00 1. OOOOE* 00 

l.flOCOE^OO 2.DQQOEfOG 
l.OaCOE^OO 3. QOOQE+OO 
l.OOOOE+OO 4. OOOOEfOO 
l.CGQQE+GQ S.GOOOEfOO 
1. G 00 0E+ GO 6. GOO 0E+ 00 
2. 09G0E + OG 6. QQ0GEM10 
2.000 OE + OQ 7.000GE*OD 

0, 2.0uGj£+ 0G 8. QOOflE}* OQ 

n * 2.000QE+00 9.QOOQE+OQ 

n. 2. uOO 3E+ 00 t«0OCOE*Ol 

l.OOOOE+OO 2 . 000 GE> 00 l.OOQOEtCi 

1. CQCOE+OO 2.00GGE+00 i. 13Q3E* jjl 

1. Q0Q0E*G0 3.000 QE+ 00 3.- 5222 

l.OQGOE+OO 3.Q0G3E+0C 1.2fl00£+01 

2.000 0E+ 0 0 3.000DE+00 ± » 200 0 E+- 0 J 

a.OOiiOE+OO 3.0QCGE+D0 1. 300CE+G1 
I.OOOOE+GO 3.Q0D9E+00 1.400QE+01 

2.00CGE+00 3 * COG QE* 00 1.500QE*-01 

2.000DE+00 3.0000E+ DO I*|2S8Itn} 

I.OGOOE+OO 3.000 DE«- CO 1.7g00£*01 
2. 0000 E+ 00 3.0 00 OE+DQ l.aOOOEfOl 

2. OOOGE+GG 1.G003E+G0 1.9003E*G1 

2.0000E*G0 3.QGOOE+GO 2. ODO OE^ D X 
2.0QQ0E+0D 3 • Q GO 0E+ 00 2.1QDg§*0i 

2.Q0Q0E+Q0 3.0GOGE+QO 2.HG0DE+01 
2.00CGE+ 00 3. GOOQE* 00 2.30D0|*'Q1 

3.0000E+00 3 • 00 G 3E+ GO 2. 3000E*fli 

3.00GQE+00 ^QOOQE+OQ 2.4Q0QE+01 

8.GOOOE-G1 *STD£Vs= 7.3030E-02 
1.972SE“0i ,STOES= 2.5750EjiJO 
a vtcv~ 1.3473E+C1 5TDEV= 9.626GE-G1 q 
S vt KDATA= 5.9750E*Q1 ,STO DEV= 7.682 jE+00 
PR MISSEO ACG= 1.000QE-01 
PR FALSE ACQ= 1.0003E-01 


NACG, AMISS 

1 0, 

2 0 . 

3 Q i 

4 0. 

5 0. 

6 0 . 

7 0, 

a o. 

9 
IQ 
11 
12 

13 

14 

15 

16 
17 
16 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

PACQ= 

A VEES = 
AVEEV= 


59 

72 

50 

64 
70 
56 
19 

60 

74 

65 
42 

54 
61 
40 
60 

75 
47 
63 
60 

55 

56 

57 

73 
62 
60 
60 

51 
86 
55 


ES 

3.71 80E+OO 
1.9472E+01 
2.383QE+01 
1.6456E+Q1 
2. 1148E+01 
2.3159E+01 
1.8467E+01 
6.0651E+00 
1.9807E+01 
2.450GE+Q1 
2. 1483E+ 01 
1.3774E01 
1.79 35E+01 
2.3143E+Q1 
1.3104E+01 
1.9807E+01 
2.4B15E+01 
1.545QE+01 
2.0B13E+OI 
1.9807E+01 
1. 6131E+01 
1.91 37E+01 
1.88 02E+01 
2.41 65E+G1 
2.S478E+01 
i,9aa7£+Qi 
t.9807E+Ql 
1.6791E+01 
2.86B5E+01 
1.8131E+ G1 


Etf 

6* 6165E- 01 
1.2881E+01 
1.246QE* 01 
i* 4445E + 01 
1.4986E+ 01 
1. 217 8Et 01 
l*r28DE+01 
2. i700E+00 
l f 3768E+01 
1 . 1821E+ 01 
1.3689E+01 
1* 35 Q3E* 01 
1.S430E+01 
1.4392E+Q1 
7* 1134E* 00 
1.3Q72E+D1 
1.8482E+Q1 
1.4164E+01 
1.4466E+01 
1. 3275E+ 01 
1.4143E+C1 
1.3053E+01 
1* 3702E+01 
1.276DE+01 
1.2069E+Q1 
1# 3898E+ 01 
1.4465E*tIi 
1.3826E+01 
1.8650E+01 
1.4047E+01 


EV1 

-1.2Q45E+Q1 
-6.017IE-01 
-7*5111E-fll 
1.29Q9E+00 
1.4650E+QQ 
-1. 33Q7E+0Q 
-1.3356E+00 
-1. D877E+01 
1.9769E-Q1 
-1.7708E+QD 
-1.8804E-02 
4.3326E— 02 
4.8556E+QD 
9.9778E-D1 
-6.4666E+0Q 
-6.Q756E-01 
4. 8293E+Q0 
5.9569E-C1 
1.1322E+00 
-3.4185E-Q1 
5. 1146E-01 
-4.Q306E-01 
2.26F^*1 
-6.01 -01 
-1.87ii. "00 
2.028*1-01 
8.7B5IE-01 
4.0642E-01 
4.8171E^OO 
4. 0221E-01 


O80OE+I1 



SLl-IIIA 


/: > 


ENOOB= 7,0 t QLlF- 62,0 »B IF= 1500 ,3L2= 294 

SVRHZ= 2 • 2 0GUE+ G 3 SNMX = 2. 5000E+Q3 SNHN= 6.R500E+03 FRQOP= 

TL= -1 .90006+51 DYNR= ft. J J t. 0E+ GuSOAMP= 2.3JQ0E-01 SDPHA= 4, 
HN= 277.2 |K= 460.6 ,TAU1= 1.G127E-01 , TAU2 = 5.0213E-03 

PHFILT = 7. JO QJE-C1 


1 .O0OOE+O3 
7QOOE-01 


LOG NORMAL SCINTILLATION 


NACQ, AMISS AFAL ACQ 

1 3. i.03GJ6+0fl 0. 

2 i.GOuOE+O: l.JCCGE+30 0, 

3 2.0G0 3E+00 I.OOOOE+OQ C. 

u 2.00 uJE<-^j i.:oc:e+cj i.jjooe+oo 

5 2. DO 0 QE+ Jfl 1.3Q0 3E+ 00 2.QQOQE+00 

6 2 • CO JOE* -*0 l.SOGJE+CQ 3. 0000EFQO 

7 2. OGQOEMJG i.OOOOF+OO 4.QOQOE+00 

8 2.03JC£+:0 l.JOOJt+CO 5.JJCGE+0G 

9 2 • GQ U 3E+G Q 1.QG03E+00 b.OGOOE+JQ 

10 2. OO^OE^OJ l.OCDCE+OC 7.3033E*0a 

11 2.0G00E+GO 1.0000 E+ 00 8.000QE+QQ 

12 3.0QjCt>Jj 1.09C3F+Q0 8.30036+30 

13 3. Q 0G3E+ u 0 1.JJG3E+G3 9.GOQ3E*OQ 

14 3.C0uaE^00 1*0 DC 3E + 00 l.CMCE+Gl 

15 3.0QOOE+GQ 1.0303E+00 1.1QG0E+01 

16 3.0DD3E+-O0 i.30CJE*CO 1.2300E*3i 

17 3.GOOOE+CO 1 # 3QQQE + QQ 1. 3000E+31 

18 3 • CGu uE + CG Z.-DJ 3E+ 33 1.33GGE+Q1 

19 3. GO OOE+OQ 2.QOQOE+OQ 1.4QOOE+31 

20 3.0000E+C0 2.:COOE+GO 1. 50002+01 

21 3.GOCOE+OC 2. J 3GGE+ 03 1.6000E+01 

22 3. CO u 0E+ G C 2.J ODJE+QU 1.7GCGE+01 

23 3.0000E+00 2.0G03E+03 1, 8000E*01 

24 S.GOwOE+DQ Z.JuCiiE+OQ 1.9300E+31 

25 3 . CGOOE + 0 0 2.QGC0E+3O 2.0300E+31 

26 3.CCLCE+:: t.;3CjE+0D Z.lGJOE+ai 

27 4.G0QQE+0Q 2.30006+00 2.10QQE+01 

28 5.G300E+30 ?.:0C3E+aG 2.13D0E+31 

29 5.CGG0E+Q0 2.GOCOE+OD 2.2000E+01 

30 5 • DO l QE+ Ju 2.3QG06+D3 2.3JD3E+J1 

PACQ= 7 • 6667E-C 1 f STOEV= 7.722CE~02^ 

A VEES= 2.0 143E+ 0 1 ,STOES= 3.1C67E + 0O 
A VEE V= 1.3932E+G1 STD£V= 9 . 3 867E- 01 
AVE KOATA= 6.i;33t+31 ,STD DEV= 9.2&89E + 3C 
PR HISSEO ACQ- 1.6667E-0I 
PR FALSE ACQ- S.6667E*02 


KO AT A , ES 

13 4. 05 40 E+ 00 

87 2*90 78E+01 

77 2.5539E+01 

67 2.2154E+ 01 

A3 1.5785E+01 
63 2.3813E+Q1 

58 1.91 37E+ 01 

56 1. 5467E+01 

66 2 * 2489E+ 01 

66 2.2409E+C1 

72 2.3830E+01 

133 3 • h393 E+ 01 

48 1.5785E+01 

71 2. 3494E + 01 

52 1.71 26E+01 

73 2.4165E + 01 

45 1.5785E+31 

32 I.G422E+01 

59 1.9472E+G1 

52 1.7126EO! 

61 2.D143E+Q1 

57 1.3BG2E+D1 

83 2* 7516E+ Ql 

56 1.8467E+01 

61 2.0143E+01 

52 1.7126E+C1 

82 2.7277E+ 0 1 

73 2. 44046+01 

73 2.4165E+Q1 

57 1.8832E+G1 


EV 

►2. 0450E—01 
1.86G2E+Q1 
1 . B515E+01 
1.32G4E+Q1 
1.20606+Gi 
1.4100E+D1 
1 * 4457E+01 
1. 44876+01 
1.5362E+ 01 
1. 3733E+Q1 
1.3450E+O1 
1.6615E+ £1 
1.3168E+01 
1. 3553E+ 01 
1.4381E+G1 
1.2529E + Q1 
1. 33 06E+ Ql 
3. 5115E+ 00 
1. 2845E+ 01 
1 • 5401E+ 01 
1.3403E+01 
1.42 35E+Q1 
1 « 4926E+01 
1. 5630E+01 
1® 41 35E + 01 
1.20 82E+ 01 
1.0561E+O1 
1 • 84836 * 01 
1.4948E+D1 
1.4153E+C1 


PQOPRT= 1.Q800E+01 


^ Vi 

-1.3675E+01 
4.6346E+00 
4. 6102E+0® 
-4.89Q0E-D1 
-6.7907E-01 
7.7733E-01 
1.1093E+00 
1. C076E+0 0 
1. 8883E+00 
4.3559E-01 
-5.7077E-02 
4. 7692E+Q0 
-3.1824E-01 
1.8059E-01 
9.0996E-01 
-1.2180E+00 
-1.0900E-02 
-9.7502E+00 
-5.7142E-01 
1. 8475E+00 
-2.1672E-01 
8.5362E-01 
1. 4142E+00 
1 • 960 OE+OO 
5.3276E-01 
-1.3B53E+00 
4.71Q2E^00 
4. 7809E+00 
1.4465E+GQ 
8.4812E-01 


VIII-116 


ENQOB- ?.£ i HtLF- 62, C .BIF = 1500 ,8L2 = 294 

SVRHZ“ 2*2 0G QE+0 3 SVHX= 2. 5000E+03 SHHN~ 6.8500E+Q3 FRQDP= 
TL= -2.10G0E+01 9YNR = 6. 0 £ t 0E+0 OS DAMP = 2.3G00E-Q1 SOPHA= 4. 
HN= 277.2 • K= 468.6 ,TAU1= 1.6127E-01 t TAU2= 5.0213EH13 
PHFILT - 7.iiGJj£-Cl 


1.0000E+03 FQOPRT- 
7Q 00 E-Oi 


LOG NORMAL SCINTILLATION 
NACQ, AMISS AFAl 

1 1# D 0 l 0E+ 30 0. 

2 i.OQjQE+OO j. 

3 2.QOOGE+0O 0. 

4 2 • 0 Q 0 0E+ GO G. 

9 2.0000E+00 0. 

6 2.OOUOE+U0 3* 

7 2.0 0 DOE* 0 0 l.OOOOE+OO 

B 3 . 00 G QE + G 0 l.uG&OE+OO 
9 3.0 0 uOE+ 0 3 l.OOQJE+flO 

13 3 • CO 3 CE> 0 0 1 . £ Ol 0E+ 00 

11 4*00 0 QE+0 0 l.OOOOE+OO 

12 S.CQGQE+OJ 1 • a 3C Q€+ 3G 

13 5.000 0E + 00 l.OOGOE+OO 

14 6. GO 3 0E+ JC 1 . j OC JE* 00 

15 6.000QE+Q0 l.OOOOE+OO 

16 6.C333E+0C l.OOUOE+OO 

17 7.00 O uE + 3 3 l.iOOOE+GO 
IB 7.C023E^uG l.OCCOE+OD 
is 7.ooooe+ao i.gqooe+qo 

20 B.OOOOE+uO 1 .u 3QG£+££ 

21 9.3Q00E+G0 l.u003E+00 

22 9.0QQQE4G0 1.33002+00 

23 1.0000E+01 l.OOOOE+OO 

24 1.000£E+;i l.OJUE+DC 

25 1.1000E+C1 l.OOOGE+DO 

26 1. 10 j OE+ul 1.Q3CJE+3C 

27 1.1000E+01 l.OOOOE+OO 

26 1.1003E+L1 1 .:j 03£+00 

29 l.lOOOE+Cl 1.3003E+33 

30 l.lOCOE+Cl 1.G0C3E+33 
PACQ“ 6 • 00 0 OE-O 1 *STOEV= 6.9443E-02 
AVEES- 1 . 9769E* 0 1 ,STDES= Z.07&6E+00 
A VEE V= 1 . 3759E+0 1 STDEV= 1.1518E+00 

AVE KOATA* 5.9944E+31 ,STQ DEV= 6.1956E+GC 
PR HISSED ACQ- 3.6667E-D1 
PR FALSE ACQ- 3. 3333 E- 02 


ACQ 

0. 

1. £G0 Q Ef 0 0 

1. aoooE+ao 

2. OOCOE*- 00 

3. OOQOEt-QO 
4. 3 000 Ei 0 0 

4. QOQQE* 00 
4. 0300E+00 
5. OOOOE+OD 
6. 3000E+00 
6. OOOQE+OO 

6. D003E+00 
7 » QOQOE* 00 

7. CQ3Q Ef 3 0 
8.0000E+0Q 
9. OOOOE+OO 
9. OOQOEf 00 
l.OOOQE+fll 
1. IGOOE+Ol 
1. UOOEf J1 
1. 1000E+01 
1.2000E+01 
1.2000E+01 
1. 200 0E+01 
1. 3QQ0E4 01 
1 . 433 0E+ Q 1 
1. 5000E+01 
1.6300E+31 
1 • 700 0 E+ 01 
1. 800 0 Et 31 


KDATA, ES 

84 2.7992E+01 

56 1. A467E+ 01 

61 2.G168E + 01 

61 2.Q143E + 01 

71 2.3494E + 01 

72 2.383GE+01 

31 1.0087E+01 

54 1.79 84E+ 01 

55 1*B131E+01 

57 1.8802E+01 

83 2* 7562E+ 01 

68 2.2728E+01 

61 2.Q143E+01 

70 2.3261E+Q1 

58 1*91 37E+01 

54 1 . 7796E + 01 

91 3.0406E+01 

51 1.6791E+01 

6D 1.9807E + 01 
63 2.0641E + 01 

79 2.6189E+01 

61 2.0143E + Q1 

75 2*4653E+Q1 

50 1.9137E+Q1 

77 2.5795E+Q1 

60 1 .98 07E+Q1 

56 1. 8467E+ 01 

54 1. 7796E+01 

74 2. 4500 E + 01 

60 1.9837E+01 


EV 

1.8609E+01 
1.4222E+ 01 
1.05I3E+O1 
1.50 37E+ 01 
1.2704E+01 
1.30 B1E+ Q1 
7* 1109E+00 
1* 8518E + 01 
1.4511E+01 
1.4879E+Q1 
1.8596E+01 
1 ♦ 8635E+ 01 
1. 30 78E+ 01 
1.8580E+01 
1 • 24F-8E+01 
1.2123E+01 
1. 8679E+ 01 
1.5475E+01 
1* 2935E+01 
1 • 8451E+ 01 
1. 8583E+01 
1.3187E+C1 
1* 6579E+ 01 
1.4903E+01 
1* 8474E+ 01 
1.4825E+D1 
1.3074E+01 
1.3912E+01 
1.1811E+01 
1.5489E+01 


£V1 

4.9244E+00 
7 . 2713E-01 
4.7805E+0Q 
1* 3599E+00 
-5.8635E-01 
-5.4961E-01 
-6.4455E+0C 
4.7671E+00 
8* 3762E-01 
1* 3766E+DQ 
4* 8632E+08 
4* 9074E+0 0 
-3*4491E-01 
4* 7540E+QQ 
-1.1907E+0H 
-1.2976E+00 
4* 0748E+GO 
2.2905E+00 
— 6* 7911 E— Cl 
4* 8656E + OQ 
4.9160E+OO 
-2.6B60E-Q1 
4.8G14E+00 
1. 4704E+O 0 
4.7704E+OO 
1. 3434E+0 0 
-3.2353E-01 
4.1728E-01 
-1.6568E+0Q 
1* 9641E+00 




080QE+01 


?.fl • DELF= 62. 

2.2QGOE+03 SWMX = 

6 . 3 ^LOE+CCSOAMP 


£NODB= 

SVRHZ= 

TL= -2.30006+31 OVNP= 


,9IF = 1530 ,BL2= 

2 . 50006+03 SWMN= 


WN= 277.2 ,K= 468.6 t T AU1- 
PHFILT = 7.0300^-01 

LOG NORMAL SCINTILLATION 


294 

6.95006*03 FROOP- 
2.33C3E-G1 SO PH A= 4. 


1.6127E-01 9 TAU2= 5.G213E-03 


1. 000 06 +03 FQDPRT= 1. 
7000E-31 


NACa, AMISS 

1 l.CQOQE+iG 

2 1 • 3 0 U 0 t + j u 

3 2.00006+00 

4 2 .caacE*--t; 

5 3.oo:oe+gj 

6 3.3CG3E*-jj 
4 « 0 G 0 OE* 00 
4 • G 0 0 0E+ C G 
4 • 00 C 0E + 30 
5 . 0GoQE+ L w 
6.000064-30 
6 • 0 0 o QE + w 0 
7.00006+00 

7. C00CE+:: 
6 « G 0 006+ CO 

8 . DO 0 06+00 

9.00 0 QE+ 00 
9 • DO 0 0E+ u 0 

9. OOOOE+ 00 

1. 00 Q0E+ ;i 

l.oaooE+ci 

l.lOGGE+Cl 
1.1000E+C1 
1.20G0E+ J1 
1.2000E+01 
1.200QE+G1 
1 .2000E+ 01 
1.200JE+:i 
1. 30 0 06+ G 1 
1-4Q30E+ yl 


7 

9 

9 

1C 

11 

12 

13 

14 

15 

16 
17 
10 

19 
23 
21 
22 

23 

24 

25 

26 
27 

20 

29 

30 

PACQ= 

A VE£S = 
A VE£V- 


AFAL 

3 . 

0 . 

Q . 

0 . 

vj • 

3 . 

0 . 

g. 

L . 
0 . 
0 . 
0 . 


u . 

g. 

s: 

o. 
0 . 
Q . 

c. 

3. 

0 . 

0 . 

0 . 

3. 

3. 


ACQ 

l! 0000 E+ JO 
1. 00006+00 
2* * 33 Q E + JO 
2 . GO 00 6 + JO 
3. 3333E + 30 
3. OQOOE+aO 

4. COuOE+OO 

5. J300E+3Q 

5. Q3Q0E + 30 
5# OOOOE + OO 
6 » L JC0E+ 0 0 

6. OOOOE+OO 
7. iJOCE+30 
7. OOOOE+OO 
8. 0030 E+ 30 

► OOOOE+OO 
, jjaoE+oo 
, 00006+01 
,3033601 
. 130 GE + J 1 
, 1303E+ 01 
• 20006* 01 
» 23J0 E+ 3 1 
, 30D 0 E* 3 1 
.-♦aoOEf 31 
. 5000E+31 
.6JC0E+31 
. 60G0E+Q1 


KD AT A * £S 


1. 6 000E + 31 


5. 3333E-3 1 ,STOEV= 9.10846-02 
2.G499E + -.1 ,STDES = 2.2 932E+3J 

__ 1.3618E+:i STDEV= 0.5213E-31 _ rt 

AVE KO ATA= 6.2J62E+G1 ,STQ D£V= 6.8*l7E+ w 0 
PR MISSED ACQ- 4.6667E-G1 
PR FALSE ACQ = I. 


04 

57 

01 

66 

64 

53 

78 

52 

59 
71 

60 
71 
67 
69 
BO 

63 
75 

53 

59 
67 
66 
57 
55 
66 

64 
62 

60 

79 
78 
46 


2.7992 E* Qi 
1 . 8 BQ 2 E+Q 1 
2.69426*01 
2.1B18E+01 
2.1272E+01 
1.91 37E+C1 
2.59916+01 
1. 71 26 E + D 1 
1.9472E+01 
2. 35J6E+C1 
2* 2760E + 01 
2.3494E+01 
2.2293E+G1 
2.2B24E+Q1 
2.6761E+01 
2.3B13E+ J1 
2.50 75E + 01 

1. 7461E + C1 
1.9472E+01 
2.2415E+D1 
2* 1818E + 01 
1.8832E+G1 
1.8131E+01 

2. 20166*31 
2.1148E + 01 
2. 3478E+ 01 
1.98076+01 
2.6176E+U 
2.59 55E+ 31 
1.5120E + C1 


EV 

1.8609E+01 
1. 3591E+ 01 
1 • 8499E* Oi 
1.4965E+01 
1.8460E+ 01 
1.3584E+01 
1.86 256+ 01 
1.34966+01 
1. 32786+01 
1.85 34E+01 
1. 8549E+01 
1.43Q6E+01 
1 • 8453E+ 01 
i. 20 09E* 01 
1 « 8558E+ 01 
1.4038E+01 
1. 8535E+01 
1.42 31E + 01 

1. 34 30E+G1 
1.8472E+ 01 
1 . 4Q 68E+ 01 
l.fl486E+I)i 
1. 3002E+01 
1. 85016+01 

1. 35 366+01 
1. 42 54E + 01 
1.1618E+01 
1.4780E+Q1 
1 . 86 93E* 01 
1* 84 30E+ 01 


EV1 

4.9244E+00 
3a 5332 EtO 1 
4. 7087E+G0 
1.4330E+30 
4. 6268E + 0 0 
-1.1558E-Q2 
4,65066+00 
8. 5245E-0 2 
-2.4661E-01 
4.8710E+0D 
4. 67996+00 
5. 8339E-01 
4.8125E+00 
-1, 6594E+ OO 
4. 7765E+00 
6.0379E-01 
4. 8432E+ 0 0 
7, 9029E-31 
S.7672E-02 
4.7421E+00 
6.2685E-01 
4.6945E+00 
-5.9329E-01 
4.8452E+30 
1.6595E-01 
8.61046-01 
-1.9885E+Q0 
1. 2891E+ 0 0 
4.6765E+00 
4.8477E+00 


0800E+01 


-v I 


ENOOB= 4.0 -* OELF= 62.0 * BIF= 1500 *BL2= 
SVRHZ= 2 * 2000 E+03 SWWX= 2 .5000 E + O 3 SHHN= 
TL= -1.700CE+01 OYNR= 6 • OOOQE+Q OSD AHP= 

HN= 277.2 **= 

PKFILT= 7.00 OOE-Ol 

S:88!lf:88 I: 

3. OOOOE+OO 0. 

4 . 0 QQO E+Q 0 0. 

5 . 0000 E+00 0. 

5 • 0000 E + QQ 0. 

6.QDOOE+DO 0. 

6.0 QOOE + OO 0. 

6 .0000 E+GO 0. 

7 .0 DO 0 c+00 0. 

8 .OOOOE+QQ 0. 

9.0000 E+00 0. 

i.ooooe+oi o. 

1 . OOOOE+O 1 
1.1DOQE+01 
1.1Q00E+01 
i.2000 F*Si 
1. 3000 £ + 01 
1.3B00E+Q1 
1.400QE+0 1 
1 *5000 E+01 
1.5000E+01 
1.5000E+01 
1 .5000 E + Dl 
1.5P0OE+01 
1 .6000 E + 01 
1. 70GQE+01 
1.6000E+01 
1.0000 E+01 
1.9000 E+01 


294 

6.8500E+C3 FROOPf 
uo UU tT U u Jy HMr- 2* 3 QOOE-Ol SOPHA= 4 
= 1.6127E-01 . TAU2= 5.0213E-03 


l.OQOOE+03 

,7600E-01 


FQOPRT= 1. 


3 

4 

5 

6 
7 
6 
9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

PACQ=_ 

AVeI 5= n4Q56£+Qi STOE 1 
AVt KOAT A— b.l200E + 01 t STD 
PR KISSED ACO= 6.3333E-01 
PR FALSE ACQ- 3.3333E-02 


1*00 OOE + OO 
1.0000F.+00 
1 . Q 000£+00 
1. OOODE+OO 
1.00 QOE + OO 
1. OOOOE+OO 
1* OOOOE + 00 
1. OOOOE+OO 
1. 00 0 DE +00 
1. OOOOE+OO 
1. 00 ODE+OG 
1. OOOOE+OO 
i. OOOOE+OO 
1. OOOOE+OO 


ACQ 


i. OOOOE+OO 
l.QOCOF + OO 
2.00aaE+00 
3.0 0 CQE + OQ 
3. OOOOE + OO 
3.oooo|+gg 

3. OOOOE+OO 
3. OOOOE+OO 
4* 0 OOOE + QO 
4.0000E+00 
4.0000F+00 

i:2888i:88 

5 .OOOOE+OO 
5, OOOOE+OO 
5. OOOOE+OO 
6*0 QOQE+OO 
7. OOOOE+OO 
0. OOOOE+OO 
9. OOOOE + OO 
g.OOQOE+OQ 
9. OOOOE+OO 
9. OOOOE + OO 

i.ooooe+oi 

1. OOOOE +01 


KOAT A t ES 


1 « h u u u c T u 1 1.00 QOE + OO **» *» 

3.3333E-01 ♦ STDEV= 0.6O66E-O2 
2.0Z10E+01 tSTDES= 3.&004E+00 


n 

66 

64 
66 
89 
68 

51 
58 

74 
72 

65 
56 

64 

75 
36 

67 

65 
60 

70 
65 
55 
49 

52 
62 

71 
62 
63 

72 

68 


2. 1808E+01 
2* 1165E+01 
2.19 36E+01 
2.9526E+01 
2.27 77E+01 
1.6791E+01 
1.91 37E+Q1 
2.4522E+01 
2.4099E+01 
2.1668E+01 
1.8500E+01 
2.11 48E+ 01 
2.4904E+01 
1.1763E+01 
2 • 21 25E+ 01 
Z.1720E+01 
1 « 9807E+01 
2.33 89E+0 1 
2.1466E+01 
1.8131E+01 
1.6120E+01 
1. 7126E+0 1 
2.0478E+01 
2.3662E+Q1 
2.0669E+01 
2 • 09 02E+01 
2. 38 30 E+01 
2.26Q4E+G1 


1* 8586E + GJ 

1.8546E+01 
1. 8456E + 01 
1.2671E+01 
1 « 8670E + 01 
1. 48 12E+01 
1.5056E+01 
1.8760E+01 
1 • 05526+01 
1.8471E+C1 
1.8484E+01 
1 * 3417E+01 
1.8584E+01 
0 .0 172E+00 
1 . 8458E + 01 
1.8481E+01 
1.3633E+01 
1. 8492E+01 
1 • 8705E+ 01 
1.3896E+01 
1. 3378E+0I 
1.0 925 E + 01 
1.5462E+01 
1. 0451E+O1 
1.8584E+01 
1.8514E+01 
1.6810E+01 
1.8569E+01 


!:hsf« 

S:SI!I1I88 

4.6898E+00 
-1.0185E+00 
4 .91 OOE+00 
1 . 45 03E + 00 

4.?553E+S8 
4.79 82E+00 
4. 755DE+GQ 
4 • 02 30 E + QO 
-7.1293E-D2 
4*78 C2E + 00 
—5. 3619E+00 
4.83836+00 
4.8749E+00 
-7.I0B2E-02 
4.91S2E+00 
4. 8779E+00 
3.8144E-01 
-2.8474E-01 
-2.5726E+D0 
1.9743E+00 
4.8315E+00 
4.91 84E+Q0 

4.90 40 E+OD 

2 .90 05E + 00 
4.90 10E+00 


|{fi 0E t^338E+01 


OOOOE+Ol 



ENOQB- 5.0 ,OELF= 62.0 

SSfiEfl - 2 

log normal scintillation 

NACQ.AMISS AFAL 

1 1.00006+00 0. 

2 Z.OOQOE+OQ 0. 

3 2 .00006+00 0. 

4 2.0000E+00 0. 

5 Z ♦ 0 0 QG E+QO Q. 

6 2.0000E+00 0. 

7 2 • 0 000 E+00 0. 

8 2.0000E+00 0. 

9 2.00006+00 C. 

10 2.0 000 E + DG 0. 

11 3.00006+00 0. 

12 4.00006+00 0. 

13 4.00006+00 J. 

14 5.0000 E+ 00 0. 

15 5.0000 E+ 00 0. 

16 6.000QE+00 C. 

17 6.0Q00E+00 0. 

18 7.0000E+00 0. ( 

19 7.0000E+00 i.CO 

20 7.0000E+CC 1.001 

21 8.0000E+00 1* Q 0 1 

22 8.0000E+00 1*00 

23 9.0000E + 00 l.OO 1 

24 9.00G0E+0Q 1.00 

25 9.0000E+0G 1.00 

26 1.0000E+Q1 1.00 

27 1.00 OOE+0 1 1*00 

28 1.3000E+C1 1.00 

2Q l.OQOOF+Ol 1.00 
30 1.1000E+01 1.00 

PACO- 6.0000E-01 • STDEV 
AVEES- 2.0608E+01 .STOE 
AV£e 5= 1. 36666+01 SIDE V 
AVE KOATA= 6. 2389E *01 t 
PR HISS60 ACO= ,3 .6667E- 
PR FALSE AGO" 3.3333E-0 


Q , BI C = 1500 * BL2= 294 

.«5»iBII!S83H» M 1.3t68iSi!*!8p5® OP 4. 

1= 1.61276-01 . TAU2 - 5.0213E-03 


7ia8i58i 


+03 FOOPRT" 1.0800E+01 


OOE+OO 

0 QE +00 
0DE+00 
OQE+OO 
OOE+OO 
OOE+OO 
OOE+OO 

1 DOE + 00 
I OOE+OO 
lOOE+OO 
tOOE+OO 
lOOE+OO 


ACO 

0. 

0. 

1.0 0 OOE + OO 

2.0 OOQE + OO 
3.0000E+00 
4*00006+00 

5. 0 OOOE + OO 

6.0 0 OOE + OO 
7 .0 OOOE + OO 
8.00C0E+00 
8.00006+00 
e . oooofc+oo 
9.00006+00 
9.DOQOE*OQ 
l.OOCOE+Oi 
1.00C06+01 

l . ioooe+oi 

1.1QGQE+01 
1.10 COF + 01 
1.20006+01 
1.20 00E + 01 
1.3000E+01 
1.3000E+01 
1,40006+01 
1.5000E+01 
1.5 0 OOE + Ol 
i .60 QOE + Oi 
1 .70006 + 01 

1:88881181 


= 6.9443E-02 

S= 2.28466+00 


KDAT A, 


1 » Q499E + 00 
) QEV- 6.8 


i ES 

2 *55 776+ 01 
2. 4&30E+01 
2.1483E+01 
2 • 04 78 E* 01 
2. 08136+01 
2.2489E+G1 
1.9137E+01 
2,48356+01 
1.91 37E+ 01 
2.2824E+01 
2.43966+01 
1.8807E+O1 

1:88811181 
1 • 0BO26+O1 
2.2973E+01 
1 , 7126E+01 
2.1359E+01 
1 .00 87E+01 
2.114BE+01 
2 . 3583E+ 01 
2.3159E+Q1 
2.4Q79E+C1 
2.31 59E+C1 
1.9807E+01 
2.4853E+01 
2.31 596+01 
1 * 6456E+ 01 
1.81316+01 
2.44 866*01 


6V 

1.8474E+01 
1.85046+01 
1 . 4Q97E + 01 
1. 3534b + 01 
1, 4847E + 01 
1« 2432E + 01 
1. 3566E+01 
1. 2586E+01 
1. 36216+01 
1* 5833E + 01 
1,84666+01 
1 . B442E + 01 
1 * 3116E + 01 
1.8530E+01 
1,32626+01 
1. 8470E+01 
1# 1717E+C1 
1» 8535E+ 01 
3.7312E+00 
1.4807E+01 
1. 85066+01 
1.4373E+01 
1 . B473E+01 
1.4292E+Q1 
1.5173E+01 
1. 8690E+01 
1. 2873E+Q1 
1. 2484E + 01 
1.3370E+Q1 
1.8498E+01 


E VI 

4. 79516+00 
4.8471E+0Q 
4.32186-01 
2 o 59 136-01 
1.1016E+00 
-1.18S4E+0Q 
•3.54656-02 
-9.7533E-01 
•6.3Q 896-02 
2 c 55 11E + 00 
4.77366+00 
4.05 79E + 00 
-6 . 96 12E-01 
4.73 306+80 
2.5755H-02 
4. 761HE+00 
-1 , 9620E+ 00 
4.7210E+0Q 
•9 . 7401E+00 
1. 3414E+00 
4.83006+00 
7.28 6QE-01 
4.7772E+00 
8.29E2E-Q1 
1. 56346 + 00 
4.90 38E+Q0 
•6.85986-01 
-9 *59846-01 
-8. 62786-02 
4.88706+00 


6 .81616+00 


VIII-120 


“e 1 i&m r -" u 


NACO.AHISS AFAL ACO 

4 8* i.doooe<-oo 0. 

$ S* i.COOOE+flO l»0flCQE*00 

' l:Sgggi:g§ iiggffRfs l-UWAl 

?.oggog*og 2:88881:8 


l.OOCOE+OO 
2.QOOOE+QO 


6 2 • 0 Odd E+QO 2155381+88 2 tiannr + rin 

, IP as i ll 

91 M IS: 

» i:8pSS|:gg I:?gS8i:gg «:ssai:n 


16 5.0000£*DO 

}J I , 8SS9£*’ 00 2. 0000E+0D 

18 5 tODOflEf Od 2i OQQOF^nn 

1? S.DOOOEtOO i.ooooiJon 
f? A*nnSSI +0D 2 *QOQOE>30 

II 7*nnnnf* *-*88881:8 0° 

If {: o 81:8 l:onool:88 

If 7:88881:88 i:ggg8i:gg 

?? ? « 0000 E4-00 2* 0 OOOE + QO 


^.0 0 GOE + QO 
1 • 0 0 00 E + 01 
1 *1 OOOE + 01 
1 •290DE + 01 
1*20 OOE + 0 1 


1.40COE+01 

I.5000F+01 

1 : 78881:81 

l«8000Fffll 


eiooooE+ofi lioaooEtoa I.'boooe+oi 


pacoP Ji^fsP.syF^LIPgr^* 

pd«lpliL M „ 

PR FALSE ACO= 6. 66&7E-02 



VIII 


FNGOP= 8.0 fHE LF= 62,0 *8IF = 150C ,9L2 = 

SVRH2= 2.20DOE+03 SWMX=: 2.50Q0E+03 SHH M = 

TL = -1 .7 3 GOE + J 1 OYNP = 6, 0 a GE + CCSDAMP - 2.3 

HN = 277. 2 ,K= 468.6 ,TAU1= 1.6127E-01 .TAU2 
PMEJLT= 7, 00Q3E-C1 


294 

6.8500E+03 FRQQP= 
3QCE-C1 SOPHfl= 4 < 
= 5.0213E-03 


1 . QOQOE+O 3 FQOPRT= 
70006-31 


NORMAL SCINTILLATION 
CO. AMISS AFAl 

ACQ 

KDOTA 

* £S 

EV 

EV1 

1 

C . 

l.aooaE+co 

C. 

12 

3.7188E+Q0 

7 » 7541E- 01 

-1.2724E+01 

2 

u 1 

1.G3GQE+ C3 

1. QDDOE+OO 

58 

i .91 37 E + 01 

1. 3074E + 01 

-1. 7414E—0 1 

3 

0 . 

2.GQ00E+ 00 

1. OOOOE+OD 

7 

2.0429E + BO 

-5.7538E-Q1 

-1.3974E*3i 

4 

G. 

2.uQGGF+00 

2. GOOCE+OC- 

68 

2,2 499E+G1 

1. 2816E+01 

-6.C054E-01 

5 

a. 

Z.C0CCE+3Q 

3. 33G0E+ 30 

71 

2 . 3494E * 01 

1.466QE+Q1 

9.7979E-C1 

6 

o . 

Z.OOOQn^ 03 

4. 30006+ 30 

5C 

1.645&E+01 

1.4904E+01 

1.46Q3E+00 

7 

a . 

2.00006+00 

5- no?:t> jo 

65 

2.1483E+G1 

1.3666E+01 

1.9167E-Q1 

9 

0. 

2.03006+00 

6. u 30 06*30 

53 

1.7461E+31 

1.2164E + 01 

-1. 3634E + 00 

9 

c. 

2.00CDE+ CO 

7. 0300 E+ 0 Q 

53 

1.7461E + 01 

I. 2923E+01 

-5. 3913E-01 

13 

c. 

2.u:00E+ 00 

ft. u J03 E+ 3 0 

58 

1.9137E+Q1 

1.5053E+Q1 

1. 3747E+00 

11 

G. 

2 • 0 00 0E+ 00 

9. COOOE+QO 

53 

1 . 7461E+ 01 

1.4137E+01 

5.5154E-01 

12 

0. 

2. j33 JE+OG 

1. C3CJE+31 

56 

1. 8467E+C1 

1. 2832E+01 

-5.8489E-01 

13 

3 . 

2.30036+00 

l.i003 E+ Jl 

53 

1.7461E+C1 

1. 4970E+Q1 

1.40 61E + 00 

14 

3. 

t • 333GE+QC 

i. 2300E+ 21 

51 

1.6791E+01 

1.2895E+ Cl 

-6.5688E-01 

15 

0. 

2.000 OE+ 00 

1 . 3000 E + 0 1 

58 

1.9137E + 01 

1.1B72E+01 

-1.8220E+00 

16 

C. 

2.C0CQE+0D 

1.4000E+01 

49 

1> 6120 E + 01 

1.3467E+01 

-9.1510E-02 

17 

0. 

2 . 0 Ou CE + GO 

1. 500GE+31 

54 

1.7796E+01 

1.33076+01 

-2.6755E-D2 

19 

3 • 

2. *0006+30 

1,60*OE+31 

59 

1.9472E+G1 

1.4726E+01 

9.3011E-01 

19 

c. 

2 * 3 00 QE+ 00 

1* 700QE+01 

59 

t ♦ 9472E + 0 1 

1. 3663E+ 01 

6.8711E-02 

20 

c. 

i. J G J JF+ QG 

i. 7000E+ 01 

26 

8.4113E+00 

4.5518E + 00 

-8.9257E+Q0 

21 

0. 

4. 00C3E+ OG 

1. 70G0 6+ <K 

21 

6. 73 54 E+ 00 

2.3639E+OQ 

-1.1107E+01 

22 

0 • 

timnui 

1 . 830QE+31 

52 

1.712&E+C1 

1.3262E+01 

-1.1462E-01 

23 

0. 

1.9000E+01 

63 

2. 0813E+Q1 

1.1912E + 01 

-1.7957E+00 

24 

3, 

5. :0G3E+00 

1.9000E+ 31 

38 

1.2433E+Q1 

7.9831E+00 

-5. 3702E+00 

25 

0. 

5. OOG 0E + 00 

2. COOOE+ 31 

54 

1 » 7796E + 0 1 

1.3Q18E+Q1 

4.2942E-01 

26 

0. 

5.c:GCE+30 

2.1000E+31 

41 

1.3439E+01 

9.4386E+00 

-3. 9889E+0 0 

27 

c. 

5.0QG3E* 00 

2. 2000 E+ 01 

68 

2.2489E + 0 1 

1.5365E+Q1 

1.9406E+00 

29 

G. 

6 , J 00 0E + 00 

2. 3Q0CEO1 

64 

1.7796E + 01 

1.1799E+01 

-1. 5748E+00 

29 

0. 

5.3000E+30 

2 • 4 QGG E+ 0 1 

60 

1.9807E + 01 

1. 2561E + 01 

-8.1459E-01 

30 

3. 

5.G1C0E+00 

2.5000E+31 

51 

1 » 6791 E + 01 

1.37 44E+01 

3.608GE-01 


PACG= & » 3333E-S 1 ,STOEV= 6.8041E-02 
AVEES- 1.8614E+-1 ,STOES= 2.23166+Gj 
A VEEV= 1.3324E+C1 §TOEV= 1.2947E+0Q 
AVE KD Af A= 5.&440E+31 t 5TD DE”- 6.6578E+Q0 
PR HISSED ACQ= C. 

PR FALSE ACQ= 1.6ef7E-:i 


I 

— j 

no 


OGOGE+Oi 



ro 

ro 


ZH 002 = 9.0 r DELF= 62.0 ,9 IF= 1500 ,BLZ~ 29V 

SVRHZ= 2.2005e+C3 SWHX= 2.5GOOE+G3 SHMN= 6.8500E+Q3 FRQDP= 
TL= -1.70GQE+01 0YN» = 5, C 0 0 OE *0 0 S 0AHP= 2.3000E-01 SDPHA= 4. 

HN= 277.2 ,K« 468.6 ,T4U1= 1.6127E-01 , TAU2= 5.0213E-03 


1 . OOOOE+O 3 FQDPRT= 
70QQE-01 


o o 

LOG NORMAL SCI KTILLAT ION 






•=j jrj 

NACQ, 

AMISS 

AFAL 

ACQ 

KOATA 

tES 

EV 

EV1 

H 

1 

0. 

l.CCGQE+QG 

G. 

12 

3.7188E+00 

S.3874E-01 

— 1.2553E+01 

§§ 

2 

G. 

1.3U3E+Q3 

1. DOOGE+GO 

56 

1.9137E+Q1 

1 , 30 3BE+ 01 

-2.G660E-Q1 

3 

0. 

g.OOCOE+OO 

1. OOOOE+OO 

7 

2.0429E+00 

-E.8016E-01 

—1. 3965E+Q1 


4 

l.OQ00£+uG 

2.GOOOE+QO 

1. 003QE+00 

54 

1.7815E+Q1 

l.SBiOE+Bl 

4 • 7637E+0 0 

5 

1.QG00E+ 00 

2.03QOE+00 

2. 0003 EH) 0 

59 

1. 9472 E + Ql 

1. 1132E+ 01 

-2.4622E+O0 

?o e 

6 

1.0000 E*3C 

2.0QGOE+30 

3. 3C33E+DC 

51 

1. 6791E + 01 

1* 2509E+ 01 

-5.8674E-01 

r* 

7 

1.00 0 QE+ CO 

2.000GE+00 

4. CCG3E+ 00 

61 

2.0143E+T1 

1*30 95E+01 

-5.2166E-01 


a 

1.00fiCE*-00 

2. C 30 JE+ OC 

5. 00GGE+3G 

51 

1.6791E+ 31 

1.3182E+01 

-2.4181E-01 


9 

l.QOQOE+QO 

2.00006+00 

B.OQOOE+OQ 

57 

1. 36 Q2E+ 01 

i • 3660E+ 01 

1.6559E-01 

5 t> 

10 

1,30 jOE+00 

c • 3 OC 3 E*- QO 

7. QOCOE+ 30 

51 

1* 6791E > 01 

1.37 2HE+Q1 

6. 9340E-02 

K 5 * 

11 

l,0O0GE+0Q 

2.CQO0E+OO 

s.aoDOE+ao 

53 

1.74Rlc+01 

1.30 91E+ 01 

-3.7729E-31 


12 

1.3GOQE+CO 

E. jCOjttOu 

9. OJOQE4-OQ 

59 

1.9472E+ 01 

1.51 0QE+ 01 

1* 5533E+0Q 

kh S3 

13 

1.0QGQE+ 00 

2.0C0QE+00 

1. 0000 E+ 0 1 

57 

1 .8802 E+ 01 

1.37 38E+01 

4.5635E-01 


14 

l.oaaoE+oo 

2.030QE+ GO 

1. 1003 Et- Q 1 

55 

1.B131E + Q1 

1.3169E+Q1 

-1.7185E-01 

*-3 65 

15 

l.OOOOE^OO 

2.000aE+00 

1.2000E+01 

3 

2.41 65E+G1 

!• 4203E+01 

8.145IE-01 

16 

1.00 Q 0E+ 00 

2. 300 3 E + 00 

1. 3000E+Q1 

y 3 

1.7461E+01 

1. 3&16E+ 01 

9.0 269E-G3 


17 

1.00 0 GEf 00 

2. 0 OC QE+ QQ 

1.4000E+01 

52 

1.7126E+ 01 

i. 4612E+ 01 

1. 6675E+00 


18 

i.ooaoE+oo 

Z.OOQGE^QQ 

l.SOOOEfOl 

57 

1.8802E+D1 

1.4356E+G1 

8.2266E-01 


19 

1.00G0E+ 00 

2. 0QC3E+00 

1 • 6OO0E+ 01 

55 

1*51 31E+01 

1.4663E+01 

1.Q965E+00 


20 

i.omaE+oo 

2.3O00E+Q0 

1. 7Q00E+G1 

66 

2.1816E+01 

1.4587E+ 01 

9.5143E-D1 


21 

1. 08 Ufl p +- 0G 

2. Q 00 GE+ 00 

1.800DE+01 

54 

1.7796E+01 

1.25 0QE+ 01 

— 9.4738E-Q1 


22 

1 . SO 0 OLr G 0 

1 » 0 00 GE + QG 

1. 9000E+01 

66 

2.1618E+ 01 

1.47S7E+01 

1. 4831E + Q 0 


23 

l.OOOGE+OQ 

2.000 0E+ 00 

2. 0000E+01 

57 

1.8802E+01 

1.35 6?E*+D1 

1.0297E-01 


24 

l.GCOGE+00 

2.300aE+C0 

2. lQOGE+Oi 

51 

1.6791E+Q1 

1.3483'E+01 

-2.D832E-02 


25 

l.OOQOEf 0 j 

2.t)aCGE+00 

2. 1000E+Q1 

14 

4.3892E+0D 

1.2514E+00 

-1.2409E+01 


26 

1.0000 E+u3 

3.0QO3E+0C 

2. 20G0E+01 

76 

2 .51 70 E + Gl 

1.4023E+01 

5.2532E-01 


27 

1. OOOOE+O 

3. OOOOE+OO 

2. 3000 E + 01 

40 

1.5785E+01 

1. 3281E+01 

-2.5610E-01 


26 

l.OOOOEf i 

3.0000E+00 

2. 400GE+31 

61 

2. 01 43E + 31 

1. 3444E+ 01 

-4.0479E-Q2 


29 

1. □ DQCE+ G u 

3.G0GCE+Q0 

2.50GCE+01 

46 

1.5115E+01 

1.4047E+01 

5.1434E-01 


30 

1.000 0E+ C3 

2.0CG3E+30 

2.6aOOE+Oi 

63 

1.98 Q7E + D1 

1. 2574E+ 01 

-1.0540E+00 


PACQ= 8 • 6667E-G i *ST0EV= &.Z063E-G2 
AVEES= 1 .6B66E+ 0 1 ,ETDES= 2.3222E+QQ 
AVEEV- 1.3592E+01 STDEV= 8.6566E-01 
AVE KD AT A= 5.7192E+C1 ,STD 0EV= 6.9283E+0C 
PR HISSEO ACQ= 3.3333E-02 
PR FALSE ACG= 1.J003E-01 


Q80GE+01 


VIII-123 


|N0OB= 15.3 ,D£IF= 62. G ,BIF= 1530 ,012 
?y? HZ f |HMX= I. SOOOE+03 SHHN= 

IJj“ •1* 7 S')CE*31 ? y ^ R =, 6. OCC OE + OCS04MP= 2.3 
* T1Ui = 1. 6127E-01 . T AU2 

" + I LT - 7* JuuJi”Cl 

LOG NORMAL SCINTILLATION 


294 

6. 8500 E+03 FRQDP- 
JGCE-01 SDPH A = 4 

- 5,0213E-03 


i,0000E+<U FOOPRTs 
•7000 £-01 


NACQ»AMISS AFAL ACQ 

1 o* 1.C300E+Q0 G. 

2* l.HOCE+OQ l.JOOCE+OO 

0. l.COOOE+OQ 2.Q0aQE<-0O 

o. 1 , J 0G3E+ 03 3,CJ00E+00 

g* -.ODOOe+OC 4*JOQOE+OQ 

f x * J 0CQE+ 03 S.OOGOE+OO 

3- 1*OOG5£+O0 6, 000 0 E* 0 0 

0* 1 • li 3u 3E + 00 7, 0 Q90 E+ GO 

0* 2.C OGGE+GO 7.00GQE+QQ 

3 * j JC QE + GO ?♦ a 30 3 £*■ 3 0 

o* 3 * GOCOE+OO 8.QOOGE+QO 

D. *.D3CCE+0Q 8.C0GQE+0G 

0* 4.00CGE+00 9.DOOOE+QO 

J* A.GGOIE+OC l,u303E+3i 

g« 4,JOOaE+30 1 * 1OO0E+ Oi 

g* 4.OQ00E+ 30 1* 23G 0 E+ G 1 

0, 4, uGD QE+ 03 1« 300 QE+ 01 

9* 4*3CD3E+3C l*40Q3£+3l 

0. 4,GOGOE+GO 1* 5000 E+fl 1 

0* 4.LGGJE+00 1.60Q0E+01 

g» ‘+.J00 3E+Q0 1.70QCE+01 

§• 4,:0C3t+0S 1.8000E+D1 

S* 4*0000 E+ 00 1* 9000E+ 0 1 

2* 4,uODJE+GO 2.S0G3E+J1 

0, 4*00a0E^00 2* 1QG0 E+ 01 

V. 4*i,QC0E+GG 2*23GCE+Q1 

g* 4 * 00 D QE+ 00 2. 30QQE+ 0 1 

g* 4 *wCC:E+Q0 2.43G3E+C1 

g* 4iuC0JE*0C 2* 5Q0 0 E+ 01 

0, „ ^ 4* 3<)D'JE* 30 2.6000E + tli 

8* 6667E-31 ,STOEV= 6,2063E-02 
1.0596E+C1 *STOrS= 2, 3084E + OQ 
---« 1 « 3364E+G 1 5 TDEV= L.1509E+Q0 

pr e >!XSSeo%co^ 3 q! e+01 * SIn DEV= 7 - 12S7Et0 ° 

PR FALSE ACQ= 1.3333E-G1 


2 

3 

4 

5 

6 
7 
a 
9 

10 

it 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

PAC,- 
AVEl S= 
A VEE V= 


KD AT A , ES 

28 9.GQ17E+QQ 
56 1* 8467E + 0 1 

56 1.8467E+01 
J 1.7461E+01 

55 1,Q131E+01 

50 1 * 6456E+31 

64 2,I148E+ 01 

50 1*64 56E 4-01 

24 7.74Q9E+O0 

33 9.7520E+00 

55 1* 81 31E + Q 1 

44 i,4445E+0l 

51 1, 6791E + Q1 

60 1.98G7E+C1 

80 2 • 6511 E+Ql 

57 1 , 88 0 2E+ 01 

44 1.4445E+G1 

51 1 • 6791E + 01 

44 i*4445E + 01 

63 2*08 13E + 01 

55 1.0i3iE+Ol 
66 2,1010E+O1 

61 2, 0143E + 01 

55 1.8131E+01 

59 1 * 9472 E + 01 

62 2.0478E+01 

55 1* 81 31E+01 

52 1*71 26E+ 01 

54 1.776/.E+Q1 

58 1,91376+01 


5. filGQE + uu 
!♦ 3509E+01 
1.4125E+01 
1.3188E+01 
1, 43 64E+ 01 
1.29 43E+Q1 
1.4971E+01 
1.3776E+01 
4* Q992E+ 00 
4,97O0E+flO 
!• 5281E+ 01 
7 • 2553E+ 00 
1.4770E+O1 
1.3622E+C1 
1* 20 83E+01 
1,347 QE+ 01 
1,10 30E+ 01 
1* 2313E+ D1 
1* 2606E+ 01 
1,46 34E+ Cl 
1* 3888E+ 01 
1.4510E+01 
1* 4124E+01 
1 • 2971E+ 01 
1,27 08E+01 
1.4297E+01 
1 • 2760E+O1 
1, 1025E+ Cl 
1 , 3653E+ 01 
1.17 31E+01 


tin 

-B o 10 3BE + 00 
7, 4 370E-0 2 
7.3761E-01 
-6.0130E-01 
9.3593E-Q1 
*1, 3851E+00 
1,5157E+00 
3, 4555E-01 
-9.1641E+00 
-8,4920E+OO 
1, 7026E+00 
-6, 0 786E + 00 
1* 5471E + 00 
4, 0 629E— D1 
-1.9396E+0Q 
-2*9358E-01 
-2.6665E+00 
-1, 4146E+00 
-6.8142E-Q1 
1, 1511E+00 
2.8637E-01 
9,0962E-01 
4. 5151E-01 
-3, 9421E-01 
-8, 3607E-01 
8, 2089E-Q1 
-5.6G92E-Q1 
-2.3490E+00 
2.1778E-01 
-1, 8280E+00 


080QE+01 


I 


ro 

-t* 


END03= 

SVRH2= 


5« 0 9 OELF - 6 ? • C ,BIF= 15 0 C ,9L2 = 
2.2Q00S+03 SHHX= 2.5Q00E+03 SHH M= 6 . 


TL= -2.100QE+G1 0VNR= 6 . 0 0 0 OE+O OSD A MP= 2.300 
WN= 277.2 iK= 468.6 9TAU1= 1.6127E-01 *TAU2= 
PMF IlT“ 


f N- HDO.D 9 

7 . 0 0 00 E-? 1 
LOG NORHAL SCINTILLATION 


294 

8500E+Q3 FRQOP" 
CE-01 SOPHA= 4, 
5.Q213E-03 


1 .000 QE+93 FODPRT- 
7C00E-01 


N ACC 9 AM ISS AFAL 

1 1*0000 E-fQC C. 

2 2.0000 E+ DC C. 

3 2 *0 000 E-t-00 0. 

4 3.oooge+oc 0. 

5 4.000DF+00 Q. 

6 4.0000E+OC 0, 

7 5 • QOOOE+QO 0. 

0 5 « 3000 E+C Q G. 

<3 5.0000 E + 00 0 . 

10 6.00Q0E*0G 0. 

11 7.000GE+00 C. 

12 8.000QE4-CG 0. 

13 9. 0000 E + OG 0* 

14 1.QD0GE+Q1 0. 

15 i .lOOOE+Ol 0. 

16 1 • 1QQ0 E + 01 0. 

17 1.2030E+01 0. 

18 1 • 30 QQ E + 01 3. 

19 1.3000 E + 0 1 0. 

20 1.40006+01 G. 

1:11888:8! 8: 
1.7000E+0! Q. 
l.floaoE+oi c. 
i • 8000E+01 0. 

1.8000E+G1 0. 

1.900DE+01 0. 

2.000DE+01 
2.100QF4.G1 C* 
2.2000E+01 


2 

\\ 

23 

24 

25 

26 
27 
20 

29 

30 

PACQ- 

AVEES= 

AVEEV= 


ACO 


l.OGOOE+OQ 
l.GOOOE+OO 
1.G000E+ 00 
2.0 0 COE + 00 

2.0 OGOE+GQ 

3 *C 0 QQE *00 
4.0000E+ 00 

4.00 C0E + 30 
4. 00 00 E >00 
4.00QCE+OC 
4.0000E+00 

4 * C 0 COE + CO 

4.0 OOOE + 00 
5.0000E+00 

5.0 0 QOE+OO 

5.0 OQOE+0O 
6 • QOGQE + GO 

6 . 0 C COE + 00 

1:88888:81 

6.QOOOE+OQ 

6 .ooooe+oo 

7 * 0 Q GQE ^ 00 

8 » 0 5 CuE * 30 
8 « Q 0 COE + QO 
8.00006+00 
8*0 OOOE + 00 
8.C00QE+Q0 


kO 


2. 6667E-0 1 i STO£V= 8.0737E-02 
2*0 143E+C1 .STDES- 2.9459£*C0 
1 • 3292 E+01 STOEV = 6.0510E-Q1 

AVE *OATA= 6.1000E+C1 9 STD DEV= 8.7B52E+J0 
PR HISSED ACa= 7.1333E-01 
PF FALSE ACO- 0. 


AT A* 
77 

74 
66 
64 

?? 

64 

60 

54 

71 

73 

72 
88 
84 
61 
46 

69 

70 
67 

75 

n 

Vs 

62 

56 

07 

75 

75 

74 


ES 

2 . 55 77E+01 
2.4530E+Q1 
2* 1818E+ 01 
2*12 69E+01 
2.2583E+01 
2.5505E+01 
2.12 BOE+Ol 
1.98 07E+Q1 
1.77 66E-+0 1 
2.3742E+G1 
2. 4356E+01 
2.3898E+Q1 
2.94 77E+01 
2.7882E+01 
2.0114E+Q1 
1.5115E+G1 
2.3075E+01 
2 • 3129E+ Gi 
2.21 54E+01 
2.49&1E+G1 

bmmi 

2.5561E+Q1 
2.5854E+Q1 
2.04786+01 
t,8467E+Gi 
2.9120E+01 
2.51C8E+01 
2.50 46E+01 
2.4545 E+0 1 


EV 

1.8474E+C1 
1.6504E+01 
1.3970E+01 
1*87326 + 01 
1.6614E+01 
1.2695E+01 
1.6531E+01 
1. 3166E+C1 
1.2557E+01 
1. 8457 E+01 
1. 8529E+ 01 
1. 8464E+ 21 
1.8520E+C1 
1. B636E+01 
1 • 8466E+Q1 
1 • 30 29E + Cl 
i. 8453E + Ci 
1.8609E+C1 
i. 3512E+ 01 
i * 84 63E + 01 

5:81411:11 

1.8512E+01 
1. 86**;5E + 01 
1. 44426+01 
1. 2943E + 01 
1. 8496E+ 01 
1 • 8496E + 01 
1.8496E+01 
1.3475E+01 


EV1 

4 ♦ 7951E+00 
4 . 84 71E + 0Q 
5«25|5E-01 
4 . 70 76 E ♦ 00 
4.8915E+OD 
-7.663BE-01 
4.7233S+0Q 
-3.2220*6-01 

-S:»lif:88 

4.s4eoE+oa 
4 • 8524E* 00 
4. 7655E+O0 
4. 66 11E+ DO 
4.0951E+QQ 
-4*70S8E-Oi 
4.71516+00 
4.90 54E+0Q 
1.09906-01 
4.677SE + 00 

S:il§Iit38 

4.86756+00 
4.80e*-E + 00 

A:mzn 

4 • 88Q2E+00 
4.8671E+0O 
4.9002E+00 
4. 7349E+ 00 


O8O0E+O1 


?N303= 9*0 « 9£LF = 62.0 rBIF= 1503 t ^L2 = 

SVRHZ= 2*2000 E + 03 SWHX= 2 . 50 0 0 E +Q 3 SWHN= 
TL* -2*l05SE+01 OYnS* 6*C003E+S5sOHhp= 2*3 
WN= 2 77,2 ±K= 46^*6 ,TAU1= i.E127E-Qi t™U2 
PMFILX= 7,300' -31 
LOG hCRUAL SCIMILL AT I CN 


294 

?fl?I fl -gf + §^5§? DP 4.7EOO 

= 5*Q213E-03 


i. G CJQQE +03 FOQPRT = 


NACO, AMISS 

1 o. 


AFAL 


2 

3 

4 

5 

6 
7 

e 

Q 

id 

n 

12 

13 

14 

15 

16 
17 
ia 
19 
23 
21 
2? 

23 

24 

25 

26 
27 
26 

29 

30 

PACO- 

A VE ES 
AVEEi/ 


0. 

C * 

c * 

D. 

0. 

0. 

l.oaoaE+c: 

1 .000GE + QC 
l.COOQE+O: 
1.000QE+00 
l.OOOCE+GO 
1 .QOOOE+CC 
1.CB30F+CS 
1*Q000€+QG 
1*00305+00 
1.0DQGE+Q0 
1 .CQKE+OG 
i . ooooe+go 

1.303GE+GG 
l.OOOOE+OC 
2*C00CE+0G 
2.0000E+00 
3*00006+00 
3*30G0E+0Q 
3*30036+00 
3.0QGOE+00 
3.3C00E+0G 
3*3000 E+CC 
3*’3Q10E + 0" 


ACO 


i*oooof + oo 

2 .00006 + 0C 
3.0000E+00 
4.3QC0F + 00 

s.oooof+oo 

6 .OOOOF +00 
7*0 0 OOF + 00 
7*00 OOF +00 
6 «C 0 GOF+OO 
9* CO 30 1 +00 
l.OQOOE+Ql 
1* 1 C COF +31 
1*20 COF +01 
1*30 30£ + 0 1 
1 *40 OOE + 01 

1 *5 009E +G1 

1. eoooF+oi 

1*7030F+01 
1*800 OE +01 
1*90 COF +31 

2. CC30F +01 
2.C300F + 31 
2*1 GQOE +01 
2.1000F +01 
2*20306 + 01 
2*3C:3F +C1 

2 *4 QOGE +01 
2.5010F+01 
2 *60006 +31 

♦7Q99E+C1 


ifC AT A, 

IS 

62 

54 

18 

n 

55 

54 
58 

56 
56 
52 
79 
49 
70 
5 ° 

6v. 

62 

65 
72 
56 
81 

66 
56 
64 

55 
55 


9.0000E-01 *STOEV= 5. 47726-02 
1.9770F + 21 *51065= 

1 • 3997E+Q 1 STD 6 V = 9.3055E-O1 

AVc KDATA= 5.9669E+:i * STD DFV= 7,3552 c + K 
PR MISSEO ACQ- 1.3000E-1J1 
PP FALSE ACC- 3* 


,ES 

2 *65ilE+01 
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APPENDIX X 

ALTERNATE CONTINUOUS PHASE MODULATORS 

Three alternate continuous phase modulators, a three step upconverter, 
an indirect FM modulator and a single step upconverter were considered during 
the course of this study. The latter was finally selected because of its 
simplicity and minimum parts count. This appendix discusses these alternate 
designs. 

Three Step Upconverter 

Figure 1 shows the block diagram for the modulator and upconverter. The 
400 MHz FSK signal is synthesized by generating a 1 MHz signal in a voltage 
controlled crystal oscillator and up-converting this signal by mixing it with 
nigher frequencies derived from a 23 MHz crystal oscillator. The mixing is done 
in three steps to make filtering practical at each frequency. FSK is accom- 
plished by pulling the 1 MHz VCXO with a +3.2 volt DC signal amplified from the 
TTL data. 

The oscillators are specified to have an end-of-life long term drift of 
+10 ppm. The 1 MHz oscillator is voltage controlled to provide the 64 Hz 
frequency shift. A VCO was chosen over frequency switching to provide phase 
continuity between frequencies. 

A typical modulation range for a crystal oscillator is 80 ppm (Frequency 
Electronics, Inc.). For the needed 64 Hz modulation, this requires a 1 MHz 
center frequency and a DC control voltage of +3. 2 volts. The frequency will 
typically switch in 20 microseconds. 

The power losses and gains are indicated in Figure X-l . The criteria for 
the design are: 

o An input of 6 dBm into the local oscillator port of the mixer. 

o 0 dBm or less into the signal port to maintain at least a 6 clH ratio 
to minimize spurs. 

o Limit amplifier gain to approximately 10 dB due to environmental 
constraints. 

The mixers have a loss of approximately 6 dB at a ratio of 6 dB between 
signal and L.O. (per Relcom Co.). 


X-l 





Filters are provided in the L.O. lines to eliminate the harmonics of the 
square waves generated by multiplying and dividing. This application is not 
critical. 

Filters are also provided after each mixing operation to eliminate harmonic 
spurs. The filter bandwidths were chosen to have a -60 dB bandwidth at less 
than the separation of the closest low order spurs. 

The spurs of the first mixer were the closest and a crystal filter is 
required. The crystal filter is specified by Crystal Network Products. The 
2nd and 3rd mixer filters are designed according to Texscan tubular filter 
specifications and are summarized in Figure 1. The main objection to the 
Figure 1 design* is its overall hardware complexity, high parts count, and con- 
sequently, its lower reliability, higher power consumption, and added weight. 
Based on information obtained from a crystal oscillator manufacturer alternate 
designs are possible. 

The following are the constraints which dictated the design parameters: 

1. The modulation index is .7 radians ± 5 % over the temperature range 
of -40°F to +16Q°F. 

2. Over the temperature range, an ovenized oscillator can be pulled a 
minimum of +1 ppm and a maximum of +100 ppm. The minimum value is 
indicated by a crystal oscillator vendor as being the value one could 
pull an oscillator to an accuracy of <5%. The maximum is constrained 
by the phase noise of an oscillator which should be >76 dBc at 100 riz 
from the carrier in a 1 Hz bandwidth. To deviate +31 Hz, this implies 
a VCXO may be centered between 300 KHz and 30 MHz. However, due to 
the limitations of practical crystal cuts, the best oscillators are 
constructed in the 5 to 20 MHz range. 

3. The minimum two-sided bandpass filter 3 dB bandwidth is to be 3%. 

The filter attenuation of the closest spur should be at least 40 dB 
down at the modulator output. This is because the non-linear power 
amplifiers will enhance the spurs approximately 15 dB and also create 
intermodulation products. Because of the extreme temperature range 
and associated filter drift problems, 60 dB will be used as the design 

*M. D. Saferstain, "SAEP Modulator", TRW IOC 7322.4-15, November 19, 1973. 
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constraint. The filter will have a maximum of 5 poles to minimize 
filter size and number of elements and maximize reliability. 

Given these constraints, two alternate modulator configurations are real- 
izable as shown in Figures X-2 and X-3. 

Indirect FM Modulator 

The indirect FM modulator design based on the narrowband phase modulator 
concept conceived by Armstrong, integrates the data, linearly phase modulates 
the resultant waveform with a modulation index of 0.0775, and multiplies the 
modulated carrier 8 times to achieve an output frequency of 400 MHz at a modu- 
lation index of 0.7. Linear phase modulation is achieved by summing the 
carrier in quadrature with the double sideband suppressed carrier modulated 
signal; i.e., the output Y(t) as a function of the input signal X(t) is, 

Y(t) - cos (w c t) + X(t)sin(oi c t) 

= cos(w c t + tan”^X(t)) = cos(w c t + X (t) ) 
for |X(t)|«l. In this case, X(t) = 3/<j>(t)dt where 3 is the modulation index 



FIGURE X-l 

THREE STEP UPCONVERTER MODULATOR 
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FIGURE X-2 

INDIRECT FM MODULATOR 

and <f>(t) is che digital data. The one fundamental drawback to this concept is 
the practical implementation of the integrator and mixer. For long strings of 
marks or spaces, or where the average number of marks and spaces are not equal, 
the integrator and mixer must have sufficient dynamic range to operate over the 
entire period of data transmission. Furthermore, the phase modulation^pprgxi- 
mation holds only for the range where |X(t)|«l. Since tan" 1 a = a - |- . 

if we modulate one bit at a modulation index of .0775, a string of data where 
the marks outnumber the spaces by 10 bits would increase the distortion from 
. 2 % to 20 %**, clearly an unacceptable situation. Lower modulation indices may 
be possible by decreasing the 50 MHz L0 and increasing the multiplication fac- 
tor. However, in view of the simplicity of the single conversion direct FM 
rtec-gn discussed below, this design is untenable. 

** The desired signal at the output of an FM modulator is: 

Y(t) = cos(w ct + e/<f>(t)dt). 

The actual signal out of the narrowband FM modulator is: 

Y(t) = cos [w t + tan" 1 (p/<j>(t)dt)] 

C 3 5 

= cos [w c t + p/*(t)dt - (/<j>(t)dt) 3 + fig- ( ) 5 -+**•] 

where the higher power terms in the expansion are the distortion terms. If for 
one bit, p/<j>(t)dt = .0775 radians, then the distortion is in the order of 
(.0775)^/3 a . 2 %. Where the data is such that / <$>(t)dt = 10 /<ji(t)dt, the dis- 
tortion increases to ( . 775 ) 2 /3 = 20%. 
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Single Conversion FM Modulator 

The single conversion direct FM' modulator shown in Figure 3 takes the 0 
dBm output of a FCXO at 20 MHz and upcon verts in one step to the outpui 
frequency of 400 MHz. The nearest mixer sideband in the upconversion is 40 MHz 
away using a doubly balanced mixer which also suppresses the 380 MHz LO a 
minimum of 25 dB. This implies a 3 % bandwidth, 5 pole Chebyshev filter mr 
be used at 400 MHz which would result in the 380 MHz LO being attenuated an 
additional 40 dB to a total level of 65 dB and the 40 MHz sideband attenuated 
to 68 dB. The total loss in the filter is approximately 5 dB, thus an 11 dB 
gain amplifier is needed to bring the output to 0 dBm. This modulation techni- 
que is simple and straightforward, requiring a minimum of parts, meets all the 
design constraints and, based on the new oscillator data, is the TRW recommended 
design. 


DATA 08 BPS 
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FIGURE X-3 

SINGLE CONVERSION DIRECT FM MODULATOR 
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NOISE NORMALIZATION 


First, we determine the relationship between the variance of the noise at 
the input of the system to the variance of the noise at the output of an 
integrator. The output represents the noise of a transmitted symbol. For the 
continuous case we have. 


n(t) 


'„ T < ) * 


y(t) 


with the function h(t) 

1 l_ 


By convolution 


y(t) = C *>(T) " (t-t) dT » 
and squaring we have 

|y(t)| 2 « /* /* h(a) h* (s) n (T-a) n* (T-3) dad3 

introducing a and 3 to keep track of the integrations, and conjugates for real 
values, the eypected square is: 

E {|y(t)| 2 > = / 0 T / 0 T E {n (T-a) n* (T-3)} dad3 

where outside the interval 0 to T the integrals are zero, and within the 
intervals h (a) and h ( 3 ) are unity. Now 

N o 

E {n (T-a) n* (T- 3 ) > = ^ 
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where N Q is the single ended noise density KT, and « is the delta function. 
Thus, 


E {|y(t)| 2 > =, T’/ 0 T / 0 T 5 (a-fj) dad(3 

aS 


of course 


6^- = 1 for i = j 
= 0 elsewhere, 


so 


9 N n T 

e {|y(t)|> 2 --2- 


2 ‘ 


For the sampled case 



where aN = T 

We have as before 


E <VP = i=! i=i 


N N ? 

s £ tr {E n-n.*} 


i j 


Defining 

then 


E (n^*} = 5ij 
e {y s y*} ■ N o 2 * 2 . 


Equating the continuous and sampled cases 


V - M V 

— qt - - N o A 
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or 


o 2 = 


N o T 


11 N 
NAT 


0 

2A * 


N 

is the total riance, each quaturature component being _o. 

4A 

In t' initial report, the noise was 


o 


sr>\ 

f t )) 


whf 


n(t) = n s sinw Q t + u c cosw Q t 

w is the carrier, so that in complex amplitudes 
0 


n(t) = n c -jn s 


together with the signal 


or 


giving 


s (t) =V2~A sin (w 0 t+e-|) 
s(t) = - jV^A e +j6 l 

s(t)+n(t) = -jV^Acose r jV2 Aj sine-, + n c -jns 
~y/Z ~ A si ne-j + n c -jVTA cose-] -jns . 


However, looking at the noise 


then 


2 2 

n 2 (t) = n s 2 sin 2 w Q t + 2n c n s sinw Q t cosw Q t + n c cos w Q t 
E {n 2, ,t)> = E {n s 2 } \ + 0 + E {n c 2 } \ , 
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as obviously from trignometry 


E {sinw Q tcosw o t} = 0 

and as the samples by definition are independent 

E {n_n.}= 0 . 
c s 

From our previous report 

« 

"s ■ n c ■ N o /(4i) 

then 

N N rtl N_ , 

o j o 1 , o 1 

2A ” 4A 2 4A 2 * 

Herein, the noise is 

n(t) = V2 n sinvrt + V2 n.coswJ:, 

' SO C 0 

so that squaring 

2 2 2 

n (t) = 2n„ sin s„t + 4n„n„sinw tcosw t 
' ' s o c s o o 

+ 2n 2 cos 2 w„t 
c o 

then taking the expectation 

E {n 2 (t)J = 2 E {n s 2 > \ + 0 + 2E {n c 2 } \ 

= E {n $ 2 } + E {n c 2 } . 

Therefore n(t) =Vz~ (n -jnj 

^ s 

i.e. , VirRe [(n-jn )e Jw o^] = \/2~Re [n .cosw.t + jn„sinw.t 

C $ U Q <-• U 

-jn s cosw Q t -jnsjsinw Q t] 

= Vz~ [n c cosw o t + n s sinw Q t] . 
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Thus, s(t)+fr(t) = -jvFAcose.j-jVfAo sin© 1 +^n c - V?jn $ 
= VrAsine.| +\^-aVTAcos0 1 -y/zjr\ s , 
as herein expressed. 

Summarizing, in the previous report we had 

T. 

z 


x(t) = 


"(t) = 


VF”A sine 1 +n s -j[vf _ 'Acose^+n c ] \ 


{V^Asine^ng-j [VjfAcos0.j+n c ] } ~ J ' e 




y(t) = e 


= Je 


by interchanging the random variables n_ and n_. 

c s 

Now, we have 

x(t) 

A si ne-j + n - j[Acos0-|+n 

i 

y(t) - VTe' j£l 

Note that the multiplier, the local oscillator, y(t), magnitude is irrelevant; 
the ratio of signal to noise is relevant. In the previous report the noise 
voltage wasV2~(3dB) low. 


2(t) = 

(Asine.|+n s -j[Acose 1 +n c ]}\/2e _ ^ 0 
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APPENDIX XII 
PHASE ERROR 


In a low data rate system, high Doppler environment, a phase locked loop 
tracking the modulating waveform is an attractive receiver implementation. The 
focal point of this implementation is the phase error. 

The first step is to analyze the system without premodulation filtering. 
Figure XII -1 illustrates the system, where in this paragraph the premodulation 
filter P{S) = 1. The tracking filter is the usual 


F(S) = 


ToS+1 


T'jS+1 * 


where 


x 2 ' ( 2 / w n H?- 2 o)_t 


hi 


and t-| is arbitrary. In transform notation then the error signal for 
the unfiltered case is 


E(S) = (-£) {-2 


U) A S[S-I*{1/t 1 )3 


~ S +250)^5+0)^ 

where of course is the step size of a step change in frequency, 
A 


2?<i) n = (1 +t 2 K)/t-| 


and 


** = K/xi 


n ‘1 
Using the transform 

a l S+a o a o , 

S[(S+a)W] ’ B 2 + 6S 0 


L 


where 

and 


„ 2 2 2 
B 0 - o +B 


.-1 £_ 


-a 


* = *i " h ' tan ‘ yy* tan 
the error signal is 

(1/t-,) [((l/t 1 )-(l)5oJ n ) 2 +((l)a) n ^ 1 _ ? 2j2]l/2 


E(t) = 


to. 


”n 

. sin(a) 


Vl^r 2 


S t*Y 


n 
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The substitutions are of course 
a-]=l 

V (1/T i ) 

a 2 +S 2 =«) n 2 


and 


ct=?o) n 

B 2 =» n 2 (1-5 2 ) • 


Letting A be the first term, and B the factor before the exponential, the 
maximum frequency error is 


or 


A+B exp ( - ct» n t ) s i n ( o^Vl-s 2 t+t|i ) } w A =0 

tan(d) n Vl-? 2 t+i|j)= %s£ jl/2 


'n” ” w c 

Now, whenever 

1/t] « ?w n , UK » w n ) 

as is the usual design case 

jrzr 

i v 1 - 


and 


or 


thus 


*1 =tan "‘ 0/^)-^“ tan ’ 1_ T 
. _ t -i = tan -i 


tanU n VT?t)=(l-? 2 ) 1/2 /5, 

^ {Ettan’^^^J/C^Vl-?)]} = 


yields the time of the maximum error. Substituting this time into the general 

error expression, the maximum phase error is 

.-1 VhT 


03 A i - 

E = {— — + exp [ — j=s 

max w n T lt o n K “ 


Vk 5 


tan 


=5-]}. 
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The maximum phase error is shown in Figure XIJ-2, together with a break lock 
approximation 

VHi = 1,8 

It is seen that the design point is near break lock, ir/2 radians, without noise. 
Following the same line of thought as in the phase error case, the output is 
“a S ^ t 2^ t 1^ S+ ^^ t 1^ 


0(S) = 


.2 cZ 


S fc S t -+2c« n S+aj n 4 


and with the same conditions as before, 

W. 7 To/tl 


0(t) = ^ { ^ + Jtt exp Sin( ^^ t)} * 


In the same form 


E(t) = — { — — + — - 

(l)„ TiOl- 

n t n 


Vl-c 2 


exp (-?t» n t) sin^VT-^t)}, 


The premodulation filter is taken as 
P(S) = 1/(t p S+1) 2 

The error signal is now 


E(S) = A) (-4tt) 2 


s 2 ' V +v 


The term as noted before 


SES+d/t^] 


LS 2 +2?io n S+to n ^J 


, -1 S+(1/T l ) _ 1 , 1 

S[S 2 +2?w n S+o> n 2 ] T i“ n 2 Vl-S 2 


sin(u n Vl-t 2 t) 
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xro:-' 


together with 


j 


t 


“1 1 _ t rt/Tp 

1 “ “T e p 


(TpS+1) T p 
can be convolved 


/J Fi<t-T)F 2 (x) dx 


for the result, i.e., 


E(t) = « A y 


2 T P 


t-x - ^ / 1 . 1 

e Td (- g. + 

T l w n V 1-? 


=f e ?to n* sin(u n iil-?^t))dx, 


or 


E{t)/(u A 1 P 

T P o 


b 

/ 


■j/x 


T / T P + t e x/x p £ aT sin , bT 


{tAe ' l P - xAe T/T P + £ e l/T P 


- X e T/,T p e aT sin bxjdx. 


where A = l/(x-jw n Z ) 


and 


a ~ ?<d n * 


The first two integrals are straight forwardly evaluated: 
tA sl e T/T P dr = |t7^' P Io - tAT p (e t/T P -1) 


and 


X/Xr 


-A /* xe T '' r P dx = " A ' e l - 1)|J; 
o 1 1 / -\2 'x n '0 


(l/x p ) u l P 


• -Ax p (e t/x P (*-- 1)+1). 

^ T p 


o 
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The third, somewhat more complex 


, t (l/t p -a)t . j t a'* fa' sin bt-b cos bp it 
t ; t e P sinbTdx= _ e 'o 


u 


= \ — {e a,t (a‘ sin bt - b cos bt)+b} 

b(a'W) 

where a' = (1/T p ) - a 

Finally, the last is 

- i si ^ si " bt dT = ^ 


Si ^ T *|* 

-Te {a i sin bt - b cos bt>Q 


.a t 




t 

{( a ,2 -b 2 ) sin bt - 2a'b cos bt> Q 


a 4 t e 

~t e „ T {a' sin bt - b cos bt} + -- 2 .O’ 

b(a' 2 +b 2 ) b ( a +b } 

•{(a' 2 -b 2 )sin bt - 2a'b cos bt} - { ~ 2a ' b> ’ 


Combining 


E(t)/» 4 - A + i tA P - A + -jp^) + Zj.-W) 2 


t . 2a 1 ■■ + 

— + —75 V O Qj T 


e at {(a ,2 +b 2 ) sin bt - 2a' b cos bt}. 


2. / , 2. k 2\2 
Tpb(a +b ) 

Following the same steps for the output, 


°(t)/- A - St/Tp{ “ "i - A + + 3<tW 


}+ 


3 


b 1 e at {(a ,2 +b Z )sin bt - 2a' b cos bt}, 

T 2 b(a' 2 +b 2 ) 2 
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The expressions for phase error and output voltage i"* fairly straight 
forward 

A+(B+Ct) exp(-Dt)+(Esin{bt)-B cos (bt) ) exp(-at) 

where the coefficients vary with and without filterings for the error or output 
signals. Table XII-1 lists the coefficients utilizing the intermediate symbols 

a ( = 

a = l/(Tp) - a 

b = »J 1 - / 

b' ® t 2 / Ti 

s = a ' 2 + b 2 
A = a ' 2 - b 2 


COEFFICIENT 



UNFILTERED 
E(t) | 0(t) 


(u /b to b 1 /b 
A A 


TABLE XII-1 
COEFFICIENTS 


FILTERED 



r 2a* 1 

m a L j - 

( t p s ) x-,a r 


r 1 - i 

VTI 2 J 

V T l“n T P 


Tpbz 


Figure XI 1-3 compares filtered and unfiltered responses. Obviously the pre- 
modulation filter reduces the potential of break lock. Similarly a wider 
bandwidth also reduces the maximum phase error. Figures XII-4 and XI 1-5 show 









several of the voltage histories for a "worst case" 62 Hertz step, and a "best 
case" alternating +31 Hertz steps. (A PN sequence is bounded by these cases.) 

For the worst case sequence, a narrow loop potentially always breaks lock, even 
without noise, near the end of the symbol. Increasing loop bandwidth drastically 
reduces this possibility. The output signal level decreases with increasing band 
width moderately for worst case sequences, but only slightly for best case 
sequences. The integral of the output, a measure of energy to the detector, is 
tabulated on the figure. 

The foregoing theoretical expressions can be readily compared with the 
simulation. This is shown in Figures XI 1-6 and XI 1-7. These are "intensity" 
plots of 1900 overlaid one symbol traces at the multiplier output. In these 
intensity plots the number of "hits" on a position are quantized into five levels 

'•+•', " ; " , and " It can be seen that the simulation intensity 
follows the theoretical curves, but a large variance about the mean is evident. 

A fast Fourier transform of the traces, Figure XI 1-8 a shows that (at the phase 
detector output) considerable high frequency "noise" is present, i.e., noise 
not in the loop bandwidth as normally defined in linear loops. As this is 
before the loop filter the noise is "white", or as white as the sampling per- 
mits. By prefiltering this noise, i.e., a low pass filter before the "oscillo- 
scope" (the subroutine which makes the picture); with a corner relative to the 
loop bandwidth, PEFIl.T, the phase variance at high signal to noise approaches 
the linear (high SNR) theory 

o* * 1 / (SNR) = (N 0 /E)TB L 

as shown in Figure XI 1-9 . With PEFILT then the simulated phase variance in 
Figures XI I— 1 0 and XII-11 are quite similar to the foregoing theory (the "real" 
filter time delays not present in the linearized analysis are evident in the 
figure). 
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r* +++++ i + : 
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SOLID LINES ARE THEORETICAL 
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FIGURE XI I -7 CONTINUED 

RANDOM WAVE PHASE ERROR 
WITH PREMODULATION FILTER 
ENODB = 11, BL2 = 176 
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FREQUENCY, HERTZ 


FIGURE XI 1-8 

PHASE DETECTOR OUTPUT POWER SPECTRAL DENSITIES 
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FIGURE XI 1-8 

- - PHASE DETECTOR OUTPUT POWER SPECTRAL DENSITIES 
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FIGURE XI 1-9 
FILTERED DETECTOR NOISE 













PHASE ERROR histogram 
MAXIMUM HITS PER BIN= 2.1400E+02 
q . X 2 ■» 3 = » X 4 » 5= X * 6 * T = + ? 8 ♦ 9—— (MAX) 

PI 
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a a tltt 
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PHASE ERROR, RADIANS 
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PHASE ERROR HISTOGRAM 

MAXIMUM HITS PER BIN= i^JOOE+02 
0,1= ;2»3 = . ;4,5 = tT6,7 = +-.8,9 — (MAX) 
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PI 
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IP 
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-tt /2 T 
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n.itm.n *«***! 
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i 
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TIME, SEC 

fm Tn l TfJCC BDP THFflRFTTf.AL 


1/88 


FIGURE XII-10 CONTINUED 

FILTERED RANDOM WAVE PHASE ERROR 
WITHOUT PREMODULATION FILTER 
ENODB = 11, BL2 = 176 
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PHASE, RADIANS 


PHASE ERROR HISTOGRAM 
MAXIMUM HITS PER BIN= 1.5100E+02 
0,1= ? 2, 3 = » ! 4, 5=:, 6,7 = + ; 8,9== (MAX) 
PI 




^I*0*2a*aaaao«aa22X 

I x : , : : x x x x x x x x x x 2 x x x » a x • x t • x x , , » , r ^ T 

I x x x t x x x x x x t x : x : x : x : x t : x i . x x . : , . a>rfrT 7 i. s x s I 

I I x xx x 1 +++ x x x : x : : x x x xx: x x x t x xx>di+ x xx : x x t x t xl 
I + X+++ x x x x xx+++xx xx x its iXH-Km :::$++ xtxxxxx+i 

I 'M I I I I ¥ I I 1JI I X X+ X X ? X+ + ^f + ++ + 4-+ + + X X + + + + £*<*1^1 
I + + + ++ + + X X -f + ^x^+f X X£*K^ + + + X ++4-==+4-4* + £<fr‘f?+ + 4- + + I 
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l it X X + + + 4- + + » + +==- + =^^= + 4-4-+4-+=+==+4-=4- f tXQ 


IP 

I 

I 

• • • • • I 

I 

2X»« ■*••»••••••••■•• •••••••••! + 

2 XXX a d X a X X * XX a a a • • • • 
XXXXXXXXXaXXaXaa > « X# l • XXXI 

x x x : : x : x x x x x + x xx x x x x x x xl 

X X X X X XX XX +£^fx + XXIX++IIXXXXX+I 
+ x x ? :++^f + ++ + 4-+++ x x ++++^ffTi 
+ + X X£»K^ + + + X +++==+ 4- + + £*<?+ + + 4- + 1 
^!M^+ + + + ++ 4- + + = + = + + + + + 4- + + 1 
+ ++Pk4tt+ +4- 4*4 ■ + 4*)^^= 4*+= + — = + + + + ! 


I+ + + X XX + + + +T^4^X X + + + ^n<+= + + X +++?S^++ X + + + + + + X + + I 
I++ •+ + * x + X ++ 2+ X +++ X + + + + += +^h<+ X X + + + +.X +1 

I x x + x x x : ;+ x x jx^rf^xTN^x + x x: x++ xx ++++x>^jx : + xi 
I H jJ x + x xx >rf+t x x + x xxxH^xx + x xxx xx+x++t xrP>fc4i 

IXXXXXXXXXXXXXXXXXXX + XX X fH^X X X X X X X X X X X X X X X X +1 

ix x x x x: x x x x x xx t xx x: x xsxx. xx^N^j-x. x . x. . x x x x tl 

IaXaXXXaXa XXaaXXaaaaaaaaXXaXaaaX., a « ! a ■< ! . - T 


TlhE, SEC 

SOLID LINES ARE THEORETICAL 

FIGURE XI I- 11 CONTINUED 

FILTERED RANDOM WAVE PHASE ERROR 
WITH PREMODULATION FILTER 
ENODB = 11, BL2 = 176 




APPENDIX XIII 

TAPE GENERATION 
COMPUTER SOFTWARE 


XIII 


X 


I 

PO 


30 GDC 3 
liOGuf 3 
OOGDC 3 
Ciib:r3 
00 G 0 C 3 
L 0 Cu, C 3 
GQ 0 GP 3 
<30003 
030003 
300:03 
000u?3 
Cfl UC 3 


coi:r 3 


nflor^3 
□ 00€03 
o 0 L C C 3 
300003 
0Q0LC3 
000003 
j 0G uC 3 
000003 
00C0C3 
0DGC03 
0000*3 
Q 00 DC 3 
000 jt 3 
00Q0P3 
Scocc 3 

00CDD3 
0 OQ DO 3 
0 GO D 10 
QPD014 
COC016 
C00C17 
- 2ZC22 
GOD 026 


^PROGRAM FNNt {INPUT, OUTPUT,TAPE5=INFUT,TAPE6=OUTPUT P 

COMPLEX CAHPU),CFILT<4> 

REAL N S , NC *N0 «<* KB 

DIMENSION SB1 l4 ) *SB2(4) ,SB3<4) , SB4 <4) 

DIMENSION HDRIKi?) ,HDRI2(10) 

01 MENSIGN SSINS1 (6*0) *SBINS2 C8, fi> ,SBINS3 (8, 8) , SBINS4 C8,8) 
01 MENS ICN TGAC6*) *RCA(64> , TGP <b4> * RCP C64) 

01 KENSION AOa(iOD) ,F1(8I t F2(8) , ERRM (100 ) , IRCO 16) 

DIMENSION ALSIh (31u) * ALCOS (300) , PROBClBu) ,PRNO<10L) 
DIMENSION IHORDI (5i>6) 

DIMENSION AERRK49C) 

DATA NFRAHE/252/ 

DATA HCETl/^J7115jt 23^0243123059, 

+ 4J9411Q 711 240 1144Q 22B, 

♦ :§j 305112605224023110, 

♦ 1525140 124 1U7164C40B, 

+ 1h17074D161722150114B, 

+ 432015061114247554678, 

+ 35166075 7044340 240 B, 

+ 430214627562716454406, 

+ -mJT 12317062475546367 B, 

+ *006 0201152075624040 B/ 

DATA HDFI2/4 JC 11505 2340243120 J59, 

♦ ^004110711240 11440 22B, 

+ :vC3C5112615224C2311B, 

♦ 1525140 124 111716404DB, 

+ l*il7C74L 1617221501148, 

+ 4 J2D 15 06 11 142475 54 67 B, 

+ hjj5166C7571400432hCB, 

+ *,302146275627 16454406, 

+ •* J: 12317362475546367B; 

+ 404040404040404040408/ 

OAT A INCTIH.INCREC/1C 3903*100300 00 0000000308/ 


7APe 

IH HreuNcAcpEfc 
AScit 


■ 23 , *47 , !•/ 


u« ih xr»u j injini/Ktu/ iv j*jl'3*iul - ji 
OATA 111,122,155,166/1,2,5*6/ 

DATA Jli, JHS,J55 ,J66/9^ 10*13 .14/ 

DATA Kll,KH2,K55iK66/17, 18, 21,22/ 

OATA IRCO/-1 ,-l* -1,-1 *“1*1/ 

DATA FEAHF,FBPHA .SDAHF, SDPHA,N0/2*, *2, « 

DATA GAM43,N43/. 03*64/ 

DATA EN0DB,BRATE,EN3HIN/a. 2 88.,9./ 

OATA D5LF,NSFB*NRUNS,EIF/S2* *44 *2000, 1530*/ 

OATA GL2,PHIGEG*FOIFF/176.*i0.,342,433/ 

DATA 9LZ5, PHIS ,FDIFFB/1* ,1* • *5 «/ 

OATA TAU5,T AU6, A5/« Q1808, *10bD3,*5/ 

DATA TAU3.0V NR , AKEG*AKAGC/ *1187 ,6* , 26*4*,, .016/ 

DATA ASOFT.FQDPRT.TUlDLBIT 7*37*10 *8, -17. ,100/ 

DATA C0r,Cil,C22, Dll. 022, 033/2*515517, *602853, .01C328, 
+1* 432728** 189269,* 00130 8/ 

OATA ICLLN ,PMFILi/C *4 */ 

PI=4.*ATANCi.) SPI2-2*»PI 
ZET A=SORT (0*5) SZET A 8= ZETA 
REMTX=299*/PI2 

oo ic:o 1 = 1 , 3 :: 

ARGU= (FLOATU) -1.) /REHTX 
ALSIN(I)=SIN(ARGU) 

1QUC ALCOS C I)=COS ( ARGU) 


LAST 


/?• ;; •> 


ORIGINAL PAGE IS 
OF POOR QUALITY 


e-mx 


jocr 34 
00 QD35 
0 00 L 37 


000037 

oocon 

000050 
OuC .5 2 
000054 
gotbei 
000C62 

crocez 

000064 
OOOG71 
Q DO 072 
0PC(J72 
000100 
0 OCX" 
QOOU* 
aooii" 

D0C12C 
000123 
000124 
S0tl?6 
aa&i^i 
J3C132 
00C132 
0 0513* 
000 13-fl 

3 ■% x } 

cioiio 

G0C141 
000142 
p, )C143 
0001^4 
OOLlnt 
OOC 152 
OOC156 
000 IE 0 
30.161 
OOC1E2 
COG 1^2 
0 OC 174 
9C&176 
3CC177 


iCL'ELO 
000213 
jOL 217 
000224 
j 00 236 


&0G243 
00*253 
0 QO 262 


C 

c 


► ifeToTtN T=o^ NEto 


IRUN=C 
RE HINDI 
CONTINUE 

REAO INPUTS 

IRUN=IEUH*1 

ENCDB=7. JPHFILT=.7 SBL2=294 . IAS0FT=.37 5DYNR-6* 

IF(IRUN*EQ»3J GOTO 6 59 -last TCom. 

IF(IRUN«EQ#2J GOT 03 072 
HRITECl) HDRI1 
GOT 0497 
3002 CONTINUE 

SO AH°= D • S3DPHA=0 « 

HRU£{1) HORI2 

G0T0497 
497 CONTINUE 

11=111 SI 2=12 2 51 5=1 b5Jlfc = 166 
Ji=JU*J2=J2ZSJ5=J53$J&=J6& 

Kl= Kll SK2=K22iK5=Kb5JKE=KS6 
ERRI=G .IIFRA*<E=iSIAERRI=i 
00 2309 1-1,6 tT 

2009 IRCD (I )--l V IKrpAUSs. SjAjA. Sscfec&_ 

IRCD (6 ) <=1 L_ 

00 2300 1=1,400 
2030 AERRI ( I) =3 « 

IT Itil-1000 06 
ITI H2= 2 


FRoOuEAA 

VAjGj^Gv-B 3 


■}”staet»u€ all 'Random 
V At TOP- SAME* Ptosmori 


.^Acd 


FHZ 


198 

199 


_ ^-O^iOOafcidC'jO&OGJ&JCB 
IHOROI (l)=iTIMi 
IT APE- 2 
IXBB-C 
IREC=1 
IRECT= 2 
IRECT-1 
IREC5=? 

SGNRT= 1* 

C9INl=Q.5CBIN2=G*SGBlN3=0* SCBIN4=3. 

XL OC=0 SILOCF=-IIIOO=P JI00N=-i 
ASO FTI =2 • /AS OFT 
00 199 1=1,6 
00 198 J=1 * 8 

S9IHS1 tl, Jj = u* SSBINS2 (I, J) -C . SSBINS3 (I* J) =0 • JSBINS4 (I, J) =0 • 

CONTINUE 

CONTINUE 

IXM=C 

IBIT = 39 

CONVERT INPUTS CENC * BPER.PHISS, PHIS^Q) 

EN3 = i: .♦MENODB/IQ.) 5 ENu H= ID • *+ (ENLMIN/10 . > 

9PER=1 •/BRATESDT=BPER/NSPO 
°HISS=PHIDEG*FI/13l . 5FHISSB=PHIB*PI/180 . 

ANIN-S CRT ( ENd M*NC* SRATE) 5G1LIN=10 *** (DYNR/20 » ) 

ASSORT (ENg*Nu*BRATE) 

CALCULATE LOOP PARAMETERS (TAU1 *TAU2 , K * TAU91, T AU52 , KB 
HN=BL2/CZETA*«25/ZETA) SAK=PI2*F0IFF/SIN <PHISS) 
TAUi=AK/<WN*HN> 5TAU2=2.MZETA-.5/CHN*TAUl> 1/HN 
K=AK/AHXN 


*T 


AFC loop- 


X 


I 

-p* 


OCC 264 

mm 

stm; 


M!il! 

uCC 326 
a C w 3 31 

illltt 


E10PR=PI2*FQDPRT*DT/K SEDOPRX*£OOPR 

»8si&i»isss98Sififf6itsi*8vs»nnmK<fs&sr vm 

AOMlN = PI2* <D€lF/2.)/ (K* 1.4125) 

<9=AK/AK0MIN 


) > / WNQ 




SVMCilfe#||iFeL 

LOCP 


3 00 34t 
30L3F1 


imt 


33Q362 
0 00 3E*. 
0 93 37 3 


030411 
w 3u«,l4 

10*1 

i!li§i 

0004 26 

1002 

C 

C 

4.30-13 
30Ch 42 
3 Gu *• 5 1 




C 01 47 2 
3QG5C2 


iOwSlO 


9 10916 
010823 
oa.>4f 

231 



m\\ 

20 2 

w GC 866 

203 

300866 

G0C612 

234 

33C612 

0G3622 

2C8 

jGt t 22 

030633 

JOj6?C 

C0C641 

206 

3096! 3 

2012 

000683 

00C6*4 



define constants 

Cl=l.-CT/TAU15C2*TAU2/TAUlJC3=Cl4C2-l. 2 AFC 

* T****** 

0THlsPl*05LF*GT MoDgUL7>oN XNbHX 

C9i=l. : PPrR/TAU91tCa2=TAU92/tAUBlSC03=CEl*C32-l. * fcT 2>VNC 

C5MH*0T/T AU8 SCb HHs 1 • -CF MH * OJLSEu^ 

SIGsO,5*SQRT CNf/OT) *' C5CP ^ TTAnss^aaM CR^LESi FUJlCR: 

00 Ic:f 1=1,3* — — 

PRO0I*rLOATfII/lOJ. 

*RC3T = 1 QRT < Ac0b(l./ (P«0BI*PRO9I ) ) ) 

PR 09<I)= PR O9T-(C0i*PRC6T* (Cll*PR08T*C22) ) / 

♦ ( 1 • *PR CRT* (01WPR0 6T* <022* PRO 8T*0 33 ) ) > 
prob<i>=(pro8(I)-,oi4i*i.o 4Q4 
PR NO (I) = PR 09(1) *SIG 
10 10L2 1=1, it 
pR09(E n *I)=-PRCB(5l-I) 


1092 PRNf(50*I) *-PRN0 (51-1 ) . 


INITIALIZE LOOPS ( T H2 , EQ . X I . X Q.QV, GERRQ .ERR ) 

N3IT = 3PtR/0T ♦ •:, lN9IT2=N9lT/2STS YNC=3 PEr!tSYNC 2= 
CAMP (1) = (2 . , J.) ICAMP(2)= ( 3 . , G • ) SC A HP (3)*(0 • , 0 • > 
C C ILT <l)*(b»,C .) SCFILTC2) = (j. , C « ) SCFILT < 3) = Ct . , C . ) 
0NC*PI*8IFtCHT=0MC*0T 
91=<(CMT»3.)*0MT/2«*.*i.)*DMT4l. 

92= ( <(ll.*ONT/ 24. *1. ) *OMT-l •> *OMT-3. > /B1 
P3 = < < ( ll.*0MT/24.-l.) *0MT-1.)*0MT*3.)/B1 
94=(((CNT-8.)*0HT/24.4l.)*0MT-l.)/91 
A1=CMT*CMT*0MT/ <24.*B1> SA2=ll.*Al 
PRINT 20t,£N3D9,OELF, 0IF, 8L2.AS0FT 

— - “ENwG9=*-Fft-l .♦ " " 


T SYNC/2. 


> £ TtLNSFbO* IF 


0ELF=*,Fb.l,* , 9IF=* , Fc • 0 , 


ru^HHI U*i’t«wUtJ= T tl , D»li T • UC.Lr*'** Ft 

♦* ,0L2=*.f6.O.* ,A§0FT=*,F6.4) 

PRINT 23?,FQJFPT.TL,0YNR 

FORMAT (H,*FQ0PRf = *.E12,4 f * TL* *,E12.4,* DYNR= *,£12.41 

PRINT 2^3,S0AMF.F9AMf ,S0 PmA,F9PHA 

FORMAT C1X.*SJAhF* *.E12.4,* FBAHps *,E12.4, 

♦* SD°H A = A.E12.4,* FBPHA* *.E12.4) 

PRINT 204,NN,K.TAUl,TAU2,MN9.KB,TAUBl f TAUB2 

FORMAT C1X.*WN = *,F6.1,* ,K=*.Fb.l,* , T AU1 = * , El2 .4 . * . TAU2 = * , E12 . *♦ , 
tNN3**.F6.1.* • K8=* .Fb *1 ,* .TAuai**,El2.4 f * ,T AU02=* ,E12 .4) 

IF (PMF ILi.LT .3.1)PRlNt 209 • PMPlLT 
FORMAT C1X.*PMFILT= *.£12.4) 

IF ( ICLLN.EC.1J PRINT 236 

FORMAT (IX, *L0G NORMAL SCINTILLATION*) 

F8TAU3=1./ (PI2*TAU3) SF8T AU* = 1 . / < PI 2*T AUS > SFBTAU6=1. / CPI2*TAU6) 
PRINT 2Q19aF9TAU3,FBT AU9 ,FBT AU6 
FORMAT (1X,*F9 t Au3= " “ ““ 


Rou 






♦ • F9T AU6= * , El 2 .4) 
IERRSP=3 
00 220 1*1,130 


,t!2.4,* F8TAU5* *,£12.4, 



S-IIIX 





0006^6 
000657 
63066 2 
000665 
G00672 
000677 
OOC7C3 
C 0^7 0*4 

ooo7re 

000712 
300714 
D 00716 
JQG7 24 
000725 
003727 
300731 
j00732 
00073** 


G0G737 
000746 
CC 752 
,00761 
1*00767 
000770 
0 DC 772 
000773 
:0C776 
001011 
4 01014 
001635 
GQ1P46 
001053 
091060 
□ 01062 
001064 
001065 

001106 
001111 
001112 
OOiil* 
001114 
001116 
001117 
C01121 
001122 
001125 
001140 
001143 
001164 
G 01 17 5 
0012Q2 
0312P7 
G012C7 
001210 
001210 


1 H TCA-W3T=C«v\ 


o Vb x/o TAOPM TUJTH^ 


AD 3(1) =0* 

220 TAUPH=l7/( P12*BRftTE*PHFILT > 

rSl!-lACMl§pS-T?tnPH=-APH-aPH»?i 2 * DT/TAUPH 
U=0 »J V=.iJGi=l. 

TH2=0 • 

CTH2=l.tSTH2=0. „ „ 

Ea=0.iEV=0 .i5Vi=a.«ctflO=0. 

XI=0. 1X0=0. 

THi=0 J IT Hll=a • ?TH12=G . *OTH1=0. S0TKlt=fl • J0THI2=0. 

ERRDHP=f . 

IH0LD=QIIHQLD1=E 
VMH=C . IUHH=E . 

VDP=3. 

xioo=: . tXIO=J. 

ID AT As-lIKOUNT=“iIJ=HSPB 

C TURBULENCE INITIALIZATION 

GAH43A=DT*FL0AT (IAHP) * AAMP3GAM43P=DT*FLCAT (IPHA) *apha 

IF (SDAMF. EQ« J» ) GOTO50 J — No AMPuToce. aciKIJiuu^ioci 

YA=0 « $S2A=D • 

DO 591 1=1, N4 3 A BL l . UUE- i»ai*u.y 

TGA^I)=GAH43A/*692975511*tfA m »*3333*EXPC-YA) 

J1 =liPji+C 1^129* J2)/20465Jl=rtOO C J1 ,2046) BJ2=M0D ( ,2046) 
R1=FLQAT ( Ji*2G4Q*J2) /£l94304« 5RCAC lf=PR0B (INT (100 ,*R1) ♦!) 

501 YA=YA+TGA(I)»RCA(I) 

SZ2 ASSORT CS2 A) SYA=YA/S22A*SDAKP 
YAP0=YD+1. 

IF (ICLLN«NE*11 GOTO 502 

rAPoiiI+YMi* + *5*Y*Cl.+.333*Y*CI.+.25*Y*(i.+.2*Y*(i. 

♦*.1667*Y)> )) ) 

IF(YA«LT*0») YAP0=1#/YAP0 
GOT 05 02 
500 YAP0=i# 

552 CONTINUE 

IF^SOPHA • EQ* 0 « ) GOT 060 0 —Wo 

YP=G . 5S2P=C • 

00 601 1=1, N*3 Ftu. lime- <»arriAu-V 

^P^I?=GAH43P/« 892979511* tfP***3333*£XP (-VP) 

Ki=ili*KlM 1+125*K2?/2048$K1=HOD (Ki*2C48) SK2=H0D ( 11+129+K2) ,2040) 
R1=FL0AT^ (Kli|048+K2)/5l 94304. SRCP(lJ*PRCBCINT (100 .*R1> *i> 

^2P=SORTCS2P?i?piYP/S22P»SOPHA 
G0T0632 
YP = C. 

IAHPC=ollPHAC=0$NN=N43-l 


691 


60Q 

602 


X 


I 

<n 


CD 1214 

mm 

QO 1224 
C01227 
CQ1233 


L01233 
091234 
001235 
d 01 237 
001245 
G01266 
0 Cl 276 
001277 
001300 
001306 
00131C 
001312 
001314 
001315 

001336 

001341 

001342 

00134*1 

001344 

001346 


001347 

001350 

001351 

001353 

001361 

001402 

001412 

301413 

001414 

001422 

001424 

001425 

001426 

001*26 

001426 

001431 


001437 
C 01440 
001442 
001443 
001446 
CG14F0 
001456 


13 

C 

D 

10 

504 

505 


503 

506 




LLATION 


• ) GOT 012 


-TSrosifl NEto 


tUt E4 AMPirniDt LiNte. 
INDEX POAS& UNg 


11 

604 

605 


603 

606 

12 


fSSSESSSs5gs!ilffltiS?llStf!-* 

IF ( IAHPC«GT.IaMPJ GO TO 10 

IFClFHACoGT.IPHft) GO TO 11 — 

GO TO 12 * — LiNje_ imdtsc Mcrp cStesp-oirassE* 

AMPLITUDE SCINTILLATION 
IAMPC-1 

IFtSOAMF.EG.J.J GOT05C3 

DO 504 JJ=1,NN .SlCP ume. 

RCA CN43+1- J JJ = RCA (N43-J J) 

J5=129*J5+ (i+i29*Jb)/2D48£J5=MOD(J5*2048) t J6=M00 U 1+129* J6) ,2040) 
Ri=FLCAT<J5*2Q48+J6)/4i94304.SRCAm=:FROa(INT{iCii.*Rl)+l> 

YA=0 * 

DO 505 JJ=i,N43 
YA=YA+TGA ( J J) ♦RCA ( J J) 

YA=YA/S22A*S0AHP 

YAP0=YA+i. 

XFt£CLLN*N£»l> GOTO506 

YAPoil!+Y»(l* + .5M*Cl* L ?.^33^fh+.25^Ci.4.2^Cl, 

++• 1667 + Y> ) M ) 

IF (Y A«LT «Q • ) YAP0=1*/YAP0 

GOTO506 

YA PO=l • 

CONTINUE 
YAPOA= Y APO*A 
GO TO 13 

PHASE SCINTILLATION 
IPHAC^l 

IF (SDFf-A»EQ«3*) G0T06Q3 
DO 604 J J=1 1 NN ^ _ . i% STKP uME_ 

RCPIN43+i-JJ)=RCP(N43-JJ) 


K5— 129*K5+ (i+129*K6) 72048 iK5=HQQ (K5*ZI4fl) JK6=H00 C (i'*129*K6) *2145J 
Ri=FLOAT{K5*2Q^8+K6>/4l94304.SRCP(l)=PROB(INT<lCn.*Rl) +1) 

YP-P • 

DO 605 JJ= 1, N43 
YP= YP+T GP C J J ) ♦ RCP { J J ) 

YP=YP/S 22 P*SOPHA 

G0T06Q6 

YP = 0 . 

CONTINUE 

CONTINUE 

IF [ KOLNt!?EQ^ 20 C 0 *IHT CFLOAT (KOUNT) / 2 Q 00 . ) ) SGNRT=-SGNRT occAs,oMii^ GALNcjE. 

Sl<oW. tME- 

To 


31 


ME H SYMBOL 
JsQ 

IDATAW-IDATA0JIDATA0=IDATA 

IX0=-1 

IFtlRCC(l) .HE* IRCO t6) ) 1X0=1 
00 31 IDTS=1,5 
IRCD(7-I0TS)=IRC0<6-IDTS) 
IRCO Cl)=IXO 


PN I*TA 



ORIGINAL PAGE IS 
OF POOR QUALITY! 


XI 1 1-7 


001457 

001460 

001464 

mm 


B01471 
0 31*i75 
001504 
031507 
001511 
001513 
001521 
3T1526 
00^531 
001534 
001535 
001540 
001544 
Cul5 51 
001551 
301553 
001554 
a31555 


001561 
L01577 
0016 p 6 
031622 
401632 
C 31642 
001655 
001672 
001700 
C017C2 
GO 170 2 
001^13 
001723 
001736 
001753 
301761 
001763 
"*01763 


001766 

J320C5 

C 0 2 0 47 
002051 
002055 


D02C63 

G02C65 

002072 


IQATA=IXD 

DTHl=SIGN{DTHi, FLOAT (IDATA ) ) 

1 CONTINUE 

IF (ARS (THi) • GT*PI2) GOTOIOIO 
1011 CONTINUE 

PR£ MODULATION FILTERING 
IF(PNFILT*GT «3»l)GOT 01013 

OTHi=CPM*OThi2+DPM*OTMll+APM*TH12tAPM*THl 
0THi2=0THI150THli=0THl£TH12=THilSTHli=THi 
TH1=TH1 +DTH1 


C 

C 


FU-TB^ 

tND£* OtD VAU2S& 


IOIh OOTHl= CTHi+YP 

IF ( A0S <OOT Hi) .GT.PI2)COTHl=ftMOD(OOTHl,PI2) 

ITHi=INT (RENTX*ABS COOTHD+1*) 

STH1=ALSIN(ITH1) £CTH1=ALC0S (ITH1) 

IF ( 00TH1«LT • 0 • > STH1=-STH1 

GOTO1012 

1010 SH FT H=SIGN (PI2 * THI) 

THi=THl-SHFTH£THii=THli-SHFTH£THi2=TH12-SHFTH 
OTHi-OTHi-SHFTH£OTHll=OT Hli-SHFTH 50TH12=0TH12-SHFTH 

GOTOlJll 

1013 TH1-TH1+OTH1 ) 

OTHl=THi \Nt> FterA&bojjiqic^J, 

GOTOID 14 1 


■ 2TT INDEX 


^1012 ASTH1= YAPOA*STHl £ACTH1= YAPO A*CTH1 
3 KT9 NOISE 

11=129*11+ (1+129*12) /2043SI5=129*I5+ (1+129*16) 72046 
Il = MOD ( II, 2C48) £15= MOO (15 , 204 8) 

I2=N00 ((1+129*121 *2048) SI6=H0D( (1+129*16) ,2046) 

Rl= FLOAT (Ii*2 f, 48+I2)/**1943P4« £NC=PRN0 UM (10 0 **R1) +1) 

IF (Rl* GT ♦* 03 3# ANO*Rl*LT * «997) GOT 0450 

IF(Rl.LT..0U3)NC=i.35a3*SQRT(-1.5726-ALCG{Rl+l.E-13)) 
IF(R1*GT. . 997) ND=-1*3583*SQRT (-1*57 26-AL0GCi.-Ri+I*E-13n 
IF ( A8S (NO »GT*4*5)NC=SIGN(4»5, NO 
NC=SIG*NC 
CONTINUE 

Rl = FLOAT (15*2048+16 ) /4 194-304* INS-PRHfl (INT (100«*Ri) + 1) 

IF (Rl« GT • • CG 3 » AND«R1«LT • • 997) GOT 04 51 m ^ 

IF(Rl.LT..Ca3>NS=l*35 83*SQRT(-i.5726-ALCG{Rl+l.E-13>) 

IF (Ri.GT..997>NS=-1.3583*S0RT<-i.5726-AL0G(l.-Rl+l*E-13) ) 
IF ( A BS (NS) .GT.4.5)NS-SIGN(4.5,NS) 

NS =SIG*NS 
CONTINUE 

I9IT=I 8IT+1 i J= J *1 


450 


451 


LOOP EQUATIONS 

CAMP (4 )=CHPLX(ASTHi+NC| -AC t Hi-NS) +CMPLX JCTH2* -STH2 ) *G1 INPCT MOUiPufc^. 
CFILT (4) =A1* ( CAMPC4 ) +CAHP(1))+A2*(CAHP(3) +CAHP(2))~V 
-92*CFILTt3) -B3*CFILT (2) -B4*CFILT ( 1) 


30 


DO 30 IFILT=1,3 _ 

CA MP (I FILT )=CAMP(IFILT+1) 

CFILT ( IFILT ) =CFILT (IFILT+1) _ 

AGC 

IF(J*NE«2Q) GOTO3000 

t/=C6*V+C5*U$U=AIHAG (CFILT (4 ) ) 
G1=EXP C-AKAGC* ( ABS C V) -AKEG) ) 


I 


IF 


- fMPpx 0>icei T^IT 

4qc FiLTT^f^L 


X 


I 

00 


J021CO 

002103 


3021C3 
□ 02105 
002112 
002114 
0C2117 
002122 
902130 
002135 
Q3214G 
002143 
CO 2147 
002152 
G02155 


UQ216C 
{,02162 
C02166 
C 0 2166 
0 Q 2 17 1 
0 0 2177 
C02HC6 

j 02212 

C 02212 
T 92215 
0Q2217 
302222 
G 02225 
CT2232 
002236 
0 u 2 241 
002252 
.02253 
002254 
P02257 
002267 
002274 
002300 
002301 
0D23C2 
302302 
DO 2304 


i; 0 2 30 6 
002310 
3 9 2 313 
J 02314 
”02314 
002317 
002320 
u 0 2323 
002323 
002327 


IF (Gi« GT^GILIH) Gl^GlLIH 
3000 CONTINUE 


Oy'NAMic L.IM1TATIOM 


AFC FUjthr: 


602 


AFC 

E=REAL(CFILT(4) ) 

EY=Ci*EV+C2*E-C3*£0 
EV i~EV D-EDOPRX 
EDOPRX=EOOPRX+ED0PR*SGNRT 
TH2=TH2+C**£V1 vco 

IF f A9S (THH) • GT »PX2)TH2=AM0D (TH2*PI2) 

ITH2=INT (REMTX*ABS CTH2) +1.) 

STH2=ALSIN (ITH2J SCTH2=ALCOS CITH2) 

IF CTH2 .LT.O . > STH2=-STH2 
V0P=C60P*VGP+C50P*EV10 IjoPPlEE. FIUTEI^ 

EtfiC=E Vi- YMH-VDP 
XI-XH-EV1CIXQ=XQ+EV1C 
EVD = EV ?E0= EIEV10=EV 1 

ail SYnt TIMING 
IF(IBIT.NE.N3IT2)GO TO 
XQt=XOIVXQ=EViC2XO=VXO 
CONTINUE 
IF (IBIT*NE«N3IT2+1) GC7C6Q2 

VXQC-CEViC-YXQ)/0T*CTSYNC2~DT*FL0ATCNBIT2)>+VXQ 
XQCOR- ( VXOC+VXG) /2* 4 CTSYNC2-DT* FLOAT (NBIT2J 1 /DT 
XQ3=CXGQ+XQCOR) /FLOAT (MBIT) IXQ=XQ-XQC0R 
CONTINUE 

IF CIBIT *LT •N3IT> G0T04 ^AbbTHcWAu ©AWPlES 


pot*? QuACELPtUSE.. 


IM-PIUSB. 


SASEUNfc FILTER 


402 


lr llui I *1-1 »M3il / 13U1 U**- 

IH0L01 = IH0L0 IIHOLD^-1 
IF (XI*GT»0*>IHOLD-1 
XIOO=XIC5XIO-XI/FLQAT CN0IT) 

VMH= (C6KH* VMH+C5 MH*UMH) ♦ A5 SUHH=G . 

IF(IHCLC.NE.IHOLDl) UHH=XIO0+XI0 
XIHOLO=XI/FLOAT INBIT) 1X1*0 « 

QERR=XC0*( CIH0L0-IH0L01 ) /2) S0V=CBi*QV*CB2*GERR-C93+GIERRfl TCActtrtS 
QERRO-GERR PU-TCCl 

IBITsrO 

FVCOB=BRATE+KB*QV 

TSYNC=TSYNC-N9IT*0T+i./FVC0B«TSYNC2=TSYNC-i./(2.*FVCQ3) 

N9 IT=T SYNC/O TJNBIT2=TSYNCH/DT 

IF (V.GT.TL)GO TO 95 0(J t t_ocic 

ILOCF=ILOC 

IDON=-l 

CONTINUE 

KOUNT^KOUNT+l 

IF CKOUNT+2 .NE» IDLBITJ GOT033 


AT OF “fMOKq 


34 

33 


aoi 


REINITIALIZE DATA 
00 34 ICUM=1 ? 5 
IRCD(IDUH) =-l 
IRCO(6)=i 
CONTINUE 

IF (KOUNT.LT.IGLBIT) G0T093 
IRECB—IFECB+l 

IF (IRE CG* GT • 13 u 60 ) GOT 0600 * time. -r> indda iteoo«s> 

CONTINUE t:B=c2=*=c> cossmesM 

IFCIHCLD-NE.IDATA0)ERRDMP=5ERRDMP+1, 
IFRAME=IFRAME+i 


~doj DATA tufciwq 


(y- v 


C92331 

MISS 

WHS! 

002343 

*92346 

002351 

172352 


*02362 

0C2354 

002363 

j02367 

002371 


C 32371 

u 02 376 

002h<’4 

002405 

*0242(3 

0C2431 

. 0 £***?4 

002455 

132470 

J02501 

102513 

002523 

•302530 

102533 

JO 25 37 

002543 

JO 254 3 

302545 

C02647 

002550 

0U2551 

002552 

002553 

002565 

302657 

002561 

002565 

002565 

J 0 2566 

002570 

:02!71 

002572 

002574 

002574 

302600 

002602 

002602 


2003 

2302 


IFC IFRJ^E* 6T .NFRAME) GCTC2QC 2 
^fF?I5oUE *NE« ID AT A3 J ERRI=ERRI*1 . 

SSSnUEfUm-ERBI. 


c 

c 


ERRI-Q « JIFRAHE=1$I AERRI=IAERRI+1 
IFdAERRI.GT.nC UIAERRI=4G0 

GOTO200 3 

2004 CONTINUE 


BCEtoci I^ATE. 
As A PoNCTror* 
TIMS 


I 


,526te 
002606 


ERROR SPACING ^ _ 

IF { XERRSP^LT Jlf IERRSP=lflF <IERRSP«GT .100) IERRSP=1G0 
ERRH CIEBRSPI =ERRH l IERRSPI +1 • SIERRSP=H EG0T0Z22 
221 IERRSP=IERR$P+1 
^222 CONTINUE 

5 SOFT DECISION . a 

IX=INT<flSOFTI*XIHOLO«-*.) tl 
IF(IX.GT.a)IX=8SIFUX.U.l»IX=i 

IF tIOATAHlEQ.“I«AND»IDATA0 •EQ»”lJSBINSl(IX*IXH>=SBINSJ.iIX«IXH>+t» 

iEII8STSS:E8:^:SB8:JgSIfa:IS:T|{i|«KSSS*Hl r -*“““ «. 

IF CIO AT AH« EQ«+i»ANB» IOATAB •§□•“! js|lNS3£IX»IXfri®SBINS3tIX»IXHl +1» 

IFC I DATA W. £Q.*1 .AN0.I0ATAQ » EQ.*1>CB JN4-CBIN4+1* 
IFIIX.GT.4JIXB=IX-1 

IF (IRECB*GtJi 6) G0T0496 ►As 

IXBB=ISFIFT<IX0Bf3) .OR.IX0 P/wc*i 

G0T0490 tocai/oMLiseti 

496 IFCIRECB.NE. 17 ) G0T0495 ► iNOtsx ctxt 

IHORDI ci)=IREC0.OR.IHCRCr (2) 

IX8B»0 
IT APt= 3 
ICDCcO 

495 ICDC=ICCC+i 

IFCITAFE.EO.506) G0T0492 CAS* c*3oe& 

IFCICQC.EQ.21) G0T0494 

493 IXBB=ISHIFTCIXBB,3) .OR. 1X0 
G0T0493 

494 IC0C=1 „ M 

IHOR0ICITAPE)=IXB3 
IX BB=0 

IT AP£=IT APE + 1 „ _ 

IFCITAFE.EO.506I G0TO492 

*92 IX8B=iIhIFT CIXB9.3) .0R.IX6 
IF C ICDC.EQ.4) G0T0491 

491 I«ORDI®506)=ISHIFT<IXB3,4d) .OR.ITIH2 
490 CONTINUE 
96 CONTINUE 

IXH=IX*G0T093 


ASSIGN l~tST ooc^o 


GEIS 


X 


032610 

95 

002610 

002612 

002613 

002616 

002616 

C 

c 

400 

302620 
0 P2621 
GO 2624 
032624 
302625 

401 

002630 

032630 

406 

C 02634 

409 

0 Q 26 34 
002635 

93 

jC2635 

002636 

C 

c 

92 

302636 

002643 

002645 

002657 

3C2670 

411 

002670 
302672 
002673 
3 0 2675 
3 0270 0 
Q Q 2701 
002703 

403 

G 0 2710 
002717 
002732 

4 04 

032732 

002733 

405 

CG2741 

407 

002741 

102742 

3501 

002752 

3503 

002752 

002753 

3502 

302755 

302757 

3504 

002763 

002772 

G03CI5 

3505 

013Dr5 

406 

003005 

003013 

223 

003(13 

0^3l.23 

313 


CONTINUE 

LOCK/UKLOCK 

IF(ILOCF.EO.ILOC) G0TO4O0 
ILOC=ILCC+i ‘Qrps To uocK 

IF < ILCC.GT • NRUNS) GOTO4O0 
G0T093 

IF(IOO.EQoIDON) GOT 0401 

IOO=IOC+i D^bFoar Qrr=s 

IF (IDO • GT» 111 U 1 GQT04 02 

IDON=IDC Cocd^MT 

AD B C ID CN) = 0 « 

AOB(IDCN)=AD3(IOON>+1. 

GOTO402 
PRINT 409 

FORMAT tiXf ^ACQUISITION FAILURE*) 

G0T041D 

CONTINUE . _ , 

GOTO** - A0t»TloHAu QHS IRE Tttls T3oH 

ERROR RATE CALCULATION 
CONTINUE 

WRITE tl) INOROI 

KKK=KCUNT-IOi.SITSPEI=ERR0HP/KKKSSP£I=Sa8TtPEI*Ci.-PEI)/KKK >T 

SIDE,- .,E1E..,- 0ITS= -,10. > 

ADOA=D • SAOOS=C « 

IF (ID0«EQ*t) GGT04C5 
IF ( IDC • ECU 1) G0T035G i 
IF (IDO .GT. id J) G0T035Q2 
DO 403 1=1, IDO 
ADOA = ADGA+AD3a> 




ADOS=AD0S+A03(I)*ADBtI) 

ADOA=ACOA/IOOiAOOS=SQRT(ADOS/IOO-AOOA*ACOA) 
PRINT 404s ILOCFtlOOf AQOAf ADOS 
FORMAT (lxJ*L0CKiN=*Il6t* , DROPOUTS 
+* « STD 0EV=*,E±2,4> 

G0T04C6 

FORM AT 1 IX | *L QCKI N=* , 16 , * , DROPOUTS^ 0* ) 
GOTO406 


GQT04C6 


*,I6 f * ,AVE=*,E12.4, 


ADOA=4DDA/1jO* £AUOb=5>UKI iftUUi/iUW.-MuuH 

PRINT 3505 tlLOCF • IDO i ADO At ADOS 

FORMAT (IX, ♦LOCKIN=^ 1 Io 1 *OROPOUTS=*,Ib, 

* OF FIRST 100 ; AVE=*,£12i4,* STO DEV=S 


xfe*VtoOr 

ravrrorr^3 


** 

CONTINUE 
PRINT H23,ERRM 


E12.4I 


10 (iX,iGE12.4|/)> 


FORMAT (IX, ^ERRM^t/, 10 

FORMAT (ix*^l-i’p(Rl?R2/Tl.T2lTIHES»,F6.0,37X, 
+♦-1+1 P( Ri«R2/Tl»T2) TIMES* ,F6« 01 




XIII-11 


Q03C23 

003025 

003026 


003C32 
3 03 u 36 

315 

314 

003050 

003C50 

QQ3054 

316 

003100 

350 

003100 

003110 

317 

C 0 3110 
003112 
003113 
003117 

319 

003123 

003135 

003141 

3ia 

003165 


Soils! 

700 

003225 

003233 

003241 

003241 

701 

003243 

410 

003243 

307 

003247 

104 

003247 

□03250 

600 

0G3252 

003255 

003256 


003263 


003265 
003266 
003270 
C 9 3 271 
003272 

695 

003272 

003272 

003274 




00 314 1=1, S 
00 315 J=l,6 
FiCJ) = SEINSi(I, J) 

F2 < J) = SBINS2 II, J> 

PRINT 316,F1,F2 __ „„ 

> JCALL CHOUA ts BI NS2 , SBZ> 
PRINT 350 ,SaiClJ .SBK2I »S92(11 ,S92<2> 

* Format Wx,*qua6rent 3 s6ms,. .hard decisions*, /»d 

+,/,lX,2F8.L,37X,2Fe.B> 

FORHAT (ixj * +1-1 * P?RT^ R2/T1 • T2) TlH£S*»F6 • 0 »37X, 
+**1+1 P CRi .R2/T 1 .TO T IHES* , F6 . 0 ) 

DO 316 1=1, d 
DO 319 J=l,8 
FI ( J) = SBINS3 (I » Jl 


CALL CROUA { SBINS3, S93I SCALL / 

PRINT 350 , S33 (1 ) ,SB31 2) »SSh (1) , SPA 1 21 
+ ,SB3<3>,SB3I4)»SB4(3J ,SB4(4> 

PRINT 700, 11.12, 15,16, Jl, JZ, JS, Jb ,K1,K2, K3, K6 -KAKOoM ©TMERZacE. F^l<=*- 
FORHAT (lX,12Ifc) 

PRINT 701* RCA "L 3cu*nu_*-&rf»©M ujkiI*. oou-panrys* 

PRINT.701*RCP , , %1 



gg 

ro ^ 

t>ECJS4oN 

KOjk-lBCiSS 

a» 


PRINT 104 
FORHAT (IHl *////) 

GO TO 3 — — 

IREG=XREC*i 

IFIIREC»GT *IRECT) G0T092 
IRECB=1 

WRITE (i) IHOROI 
ITIHl^ITIrtl+INCTIH 
ITIH2=ITIH2+i m 
IRECD= IRECO+INCREC 
I WORD I (i)=ITIMl 

ixaa=o 

GQTOd'ai 


UCS4o -RPtoTaJS-hA 


- BtNP ©t= ’Ppaacusn 


XI 11-12 




XIII-13 


SOOuf 6 

mm 

D0GO11 

one 012 

COOP 15 
32 (317 
QDGG24 
00003G 
000933 
GODOLQ 
0000^5 
aot?C 45 
000046 
000052 
000054 
C0LGE6 
000062 
lDuC7C 
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?=cxm^ iksrotfcwa 
rhCAM 

tSA-IE &s A P'oSlcTjohi 


IA1C=NF/1D of tm, 1 

DO 1BD1 1*1,20 P TMe ' 

1001 8IN(I)=0. 

OO 100 D 1=1, IA 
I9lN=2(5*INTtA(I))/XAl-j 
IF(IBIN«LT •1)IBIN=1 
IFCIBIK.GT.23) IBIN=2C 
100C BINCIEIN)=BIN(IBIN>+1* 

PRINT 10 G4 ,NF 

1004 FORMAT 11X, ^HISTOGRAM OF *,I6,* FRAMES’) 

00 1002 1=1,20 

X=X+.Q05 

0UTC2’I-1)=X 

1002 OUT (2*I)=BlN(I) 

PRINT 1003, OUT 

1303 ^?nSI (lx,10Elz# ' ff/,lx » 10,£12 * 4 *» / > lx » 10E12 * 4 > / J lx J 

RETURN 

END 


SMf.KfP!*-” Sir 

□o B iaf§ fl=i,i Hcu/iiiom 

S=S+ACII> 

ICOfl SS=SS+A(IIJ*A(II) 

FI=FLCATCI1 

S=S/F1 lSS=SQRT (SS/FI-S*S) 

„ print lani.s.ss 

10D1 FORMAT (IX, *HcAN+STD 0£V *,2E12.A) 
RETURN 
END 


UJKlTHLS -fAPt- 

PROGRAM FNNYOl (TAPE3= 102, TAPED 
0 IKENSION IWORO (506 ) tHOR ( 10 ) 
eOUIVALENCE(IHORO,HCP) 

CALL BUFFLT(5LTAPE3t53B,IWORD(D , IHGRO(IO) , NWD) 
REWIND 1 
DO 1DOO 1=1,2 

C THE OO IS THE NO, CASES <E NDOFFILE) 

REAOU) HDR 

CALL RUFFLT(5LTAPE3,24B,HDR(1),HOR(10) , NWOJ 
103 READ (1) IWORD 

IF (EOF tl) 900,200 

2C0 CALL BUFFLTC5LTAP£3,24B,IW0RD(D,IW0R0(5061 ,NWD) 
GOTO10C 

900 ENOFILE 3 
1000 CONTINUE 
STOP1 
END 
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APPENDIX XIV 

THEORETICAL CHARACTERIZATION 

This appendix attempts to theoretically characterize the simulation data. 

If the simulation data is compared with "ideal" receivers as in Figure XIV-1, 
two things are apparent; first, these theories do not describe the simulation 
very well, and second, the effects of scintillation are not considered. By 
"ideal" the following mean error expressions are inferred: ideal coherent, 

.5 erfc (E/N Q )^ 2 , nonideal coherent, .5 erfc (E/(2N 0 ))^ 2 and ideal noncoherent, 
.5 exp (-E/(2N )) 1/2 . One theory that does both is presented by Turin (Ref. 6). 

In exploring this theory, both coherent and noncoherent systems will be con- 
sidered. 

The key parameter in this theory is the complex cross correlation coefficient 
of the signal waveforms 

x ~wfo c * t> 

where the signal waveforms, in complex amplitude notation are 
C|(t) = X-j(t) exp(jo) Q t) 

where i 55 1 ,2 

herein, and u> 0 is the carrier, and x^t) is 
x^t) = A( t) exp(j<j>) 

<|) being the phase. By way of explanation, for "conventional" coherent phase 
shift keying (PSK) 

x^(t) = exp(+je); e = n/2 

and for "conventional" noncoherent frequency shift keying (FSK) 

X^(t) = A(t) expC+j-rrAft) 

with Af the tone separation. The signal energy in the initial expression is 
of course 
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E =if T |c 1 (t)| 2 dt, 

0 

The signals are assumed to be of equal energy, and the channel herein is assumed 
to be Rician, i.e., the received signal is 

n.j(t) = x.j(t-T)[a exp(-jfi) + s exp(-je)] exp(j2iif 0 t) 

with t the delay, a and 6 the fixed path strength and phase, and s and e the random 
path strength and phase. The random path strength is Rayleigh with a mean square 
of 2a 2 and a uniform phase. Thus "burstiness" per Sj5 is not definable. 

The ideal coherent receiver's decision is via the greater of 
j£ |r.(x)| 2 + aRe {^(tjaxp - J6> i = 1 or 2 

where r^(x) = |-/z*(t)x.j(t-x) dt 

given the received version z(t) of x(t). In addition to knowing 6{a "tight" 

2 

loop) the receiver also knows a /aH Q . 

The noncoherent receiver decides only on |r^(x)|. 

In either case the error function is 

P = O(ac.bc) - 1 [1+ Wlz l A i£- ] exp [-(aV)c 2 /2)I„(abc 2 ) 

where the Marcum Q function is 

Q(x,y) = f” t exp(-(t 2 +x 2 )/2)I 0 (xt)dt, 

I q (x) is the modified bessel function, and 

y = p/(e+2) 
p = 2a 2 E/No 

Y = a/a . 

For the coherent receiver 
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where 

Thus 


c ">l 

The next step is to apply the algorithm to the candidate Modem. Herein 
x.j(t) = A(t)exp j(+2irAf/2+2nAfF(t) ) 

FU) ^ T TS¥T) n 

X = exp j(+2uift-4«4ftF(t))dt 


Figure XIV-2 illustrates the results of the integration. 

Finally, th- candidate modem is characterized by evaluating complex cross 
correlation coefficient of the signal in question, a tone separation of 62 
Hertz and a premodulation filter of .7. The magnitude of the coefficient is 
2401 and the real part is .2278. Figure XIV-3 is a plot of the simulation 
data, and both coherent and noncoherent ideal receivers (for this signal struc- 
ture). with and without scintillation. For the nonscintillation case the 
candidate Modem appears to be similar to a differentially coherent phase shif 
keyed (DPSK) system, i.e., it appears noncoherent at low E/N 0 and coheren a 
high E/N 0 . With scintillation the candidate Modem appears to be noncoherent 
with a 1 dB degradation from an ideal receiver. 
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FIGURE XIV- 3 

COMPARISON OF THEORY AND EXPERIMENT 
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